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RR  011-02-01,  SOLID  STATE  PHYSICS,  (Dr.  D.  K.  Ferry,  202  692-1^217) 

NR  318-002,  University  of  Pennsylvania,  "Magnetic  Memory  Materials 
and  Liquid  Crystals",  P.I.  -  Dr.  Herb  Callen,  N000li4-76-C-0106 

It  is  proposed  to  analyze  the  preferential-site-ordering  mechanism 
which  determines  uniaxial  anisotropy  in  garnets.  This  will  provide 
a  new  method  of  determining  the  dynamics  and  mechanism  of  crystal 
growth  in  such  materials.  Such  information  is  needed  for  improving 
magnetic  materials  useful  in  magnetic  bubble  technology.  Domain 
hardness,  wall  mobility  and  velocity  saturation  are  among  the 
areas  to  be  investigated.  In  addition  a  study  will  be  made  of 
modern  critical  phenomena  theory  and  phase  transitions  in  liquid 
crystals.  Progress :  It  was  shown  that  the  observations  of  Gyorgy, 
Sturge,  and  Van  Uitert,  on  the  anisotropy  of  Y(3-x)Lu(x)Fe5012 , 
are  in  excellent  agreement  with  the  mechanism  previously  suggested 
by  Callen  and  Akselrad.  The  data  are  consistent  with  a  tetrahedral 
iron  mechanism,  although  they  do  not  exclude  an  octahedral  iron 
mechanism.  The  relative  contributions  of  the  two  sublattices  and 
the  relevant  physical  considerations  have  been  determined.  These 
effects  are  pertinent  to  the  mechanism  of  preferential  site  ordering 
in  these  alloys.  The  analogy  between  a  smectic-A  liquid  crystal 
and  a  superconductor  is  made  closer  by  a  transformation  on  the 
smectic  system.  Within  the  context  of  the  Wilson-Fisher  recursion 
relations,  it  has  been  shown  that  the  critical  properties  of  the 
two  systems  are  the  same,  and  that  therefore  the  phase  transition 
from  snectic-A  to  nematic  will  always  be  at  least  weakly  first  order. 

Recent  Publications: 

1.  H.  Callen,  "Growth  Induced  Anisotropy  in  Garnets  with  Mixci 
Diamagnetic  Rare-Earth  Ions:  Y^.xL'-vFec^O,  o , "  J.  Applied  Physic:', 

Vol.  1(3,  lio.  3,  pp  23^8-30,  May  197^. 

2.  T.  C.  Lubensky  and  R.  G.  Priest,  "Critical  Exponents  I'or  a 
Gymmetric  Traceless  Tensor  Field  Theory  Model,”  Idiysics  Te-tterr, , 

Vol.  hP>A,  No.  2,  pp  103-!(,  June  191^. 

j.  H.  Callen,  "Thermodynamics  as  a  Pcnence  of  Symmetry,"  lo.i.nd.-i- 
tions  of  Physics,  Vol.  )( ,  No.  Pj  ,  pp  1(23-1+3,  December  197*(. 

.  P.  I.  Halperin  and  T.  C.  Lubensky,  "On  the  Analogy  I-'ot V'er 
.'.meet.  Lc-A  Liquid  Crystal;-,  a.iid  C>uperconductors , "  '.'olid 
■' -:nmijn  i  cat  i  (;ris  ,  Vol.  1  )* ,  pp  997-1001  ,  197^*. 
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NR  318-003,  Harvard  University,  "Superconductors,  Magnetic  Detectors, 
and  Magnetic  Electronics,"  P.I.  -  Dr.  Michael  Tinkham,  NOOOlU-76- 
C-0032 

Far  infrared  spectroscopy  and  laser  sources  are  used  to  prohe  and 
determine  the  energy  gaps  in  superconducting  materials.  Magnetic 
resonance  techniques  are  also  applied  to  metals  and  to  magnetic 
materials.  The  major  work  is  on  the  interaction  of  far-infrared 
laser  radiation  with  superconducting  weak-link  devices.  Progress : 

Far  infrared  cyclotron  resonance  has  been  observed  in  copper.  The 
observed  lineshapes  have  been  analyzed  with  various  calculations 
of  the  surface  impedance  change  at  resonance,  taking  into  account 
the  Fermi  surface  anisotropy,  in  addition  to  retardation  effects 
and  propagation  effects. 

Recent  Publications: 

J.  M.  Peech,  "Far  Infrared  Cyclotron  Resonance  in  Metals,"  Technical 
Report  9,  September  197^. 


NR  318'001*,  Clarkson  College  of  Technology,  "Magnetic  Control 
Mechanisms  at  Critical  Temperatures,"  P.I.  -  Dr.  Earl  Anderson, 
N00011+-76-C-0051 

A  careful  study  will  be  made  of  representative  samples  of  ferro¬ 
magnetic,  anti-ferromagnetic  and  ferrimagnetic  materials  in  the 
vicinity  of  their  magnetic  transitions  in  order  to  determine  the 
critical  exponents  which  describe  their  behavior.  The  behavior 
of  these  different  types  of  magnetic  materials  will  be  compared 
to  see  how  they  differ  at  the  ti'ansition  temperature  and  how  they 
are  applicable  as  control  mechanisms  in  magnetic  circuits.  The 
device  implications  of  magnetic  behavior  at  the  transition  point 
will  be  surveyed.  Additional  magnetic  materials  having  potential 
magnetic  control  capabilities  will  be  sought  and  magnetic  measure¬ 
ments  to  determine  their  properties  carried  out.  Progress :  A 
study  has  been  made  of  the  critical  magnetic  properties  of  lutetium 
iron  garnet.  Values  of  the  critical  exponents  were  observed  to 
fulfill  the  scaling  relationship,  within  the  limits  of  experimental 
error.  The  critical  temperature,  obtained  from  the  kink-point 
plot  of  applied  magnetic  versus  break-point  temperature,  was  re¬ 
affirmed  through  utilization  of  the  Kouvel-Fisher  analysis. 

Recent  Publications: 

A.  A.  Stelmach,  E.  E.  Anderson,  and  C.  Arajs,  "Magnetization  of 
Lutetium  Iron  Garnet  Near  tb-?  Critical  Point,"  J.  i'hys.  Chems . 
C-olids,  Vol.  3U,  131*3-131+6,  1973. 
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NR  318-005,  University  of  Pennsylvania,  "Optical  and  Acoustical 
Spectroscopy  of  Solids,"  Dr.  Elias  Burstein,  N0001‘'t-T6-C-0107 

Surface  electromagnetic  waves  and  surface  acoustic  waves  and  their 
interaction  with  electrons  in  solids  and  with  each  other  are  studied 
to  give  the  electrical  properties  of  solid  state  materials.  The 
interaction  of  surface  electromagnetic  waves  (polaritons)  with 
anisotropic  dielectric  and  permeable  solids  will  be  studied  via 
techniques  such  as  attenuated  total  reflection  (ATR).  Progress : 
Surface  polariton  dispersion  curves  have  been  obtained  for  an  n- 
InSb-air  interface  in  a  magnetic  field  using  the  ATR  method  and 
are  found  to  be  in  qualitative  agreement  with  theory.  In  particular, 
the  curves  show  the  predicted  non-reciprocal  nature  of  the  surface 
polariton  propagation,  and  the  appearance  of  virtual  excitation 
type  branches  of  the  dispersion  curves.  On  the  basis  of  data 
obtained  in  zero  magnetic  field  on  etched  surfaces,  the  quantita¬ 
tive  differences  between  e'-’^e'-imental  and  theoretical  dispersion 
curves  are  attributed  to  su-  .^ice  damage. 

Recent  Publications: 

1.  D.  L.  Mills  and  E.  Burstein,  "The  Electromagnetic  Modes  of 
Media,"  Reports  on  Progress  in  Physics  817-926  (l9Tl). 

2.  E.  Burstein,  "Phase  Matched  Electromagnetic  Generation  and 
Detection  of  Surface  Elastic  Waves  on  Non-Conducting  Solids," 

J.  Appl.  Physics  I36O  (19T^). 

3.  E.  Burstein,  W.  P.  Chen,  Y.  J.  Chen  and  A.  iiartstein,  "Iropa- 
gating  Electromagnetic  Modes  at  Interfaces,"  J.  Vac.  Cci.  Techno! . 

1^,  lOOl  (I97i+). 

A.  Hartstein  and  E.  Burstein,  "Observation  of  Magneto-plasmon- 
type  Surface  Polaritons  on  n-InSb,"  Solid  State  Communications  1  'i . 

1223  (197^^). 

5.  M.  L.  Shand,  Y.  L.  Ching  and  E.  Burstein,  "Raman  Scatterinr 
by  Optical  Phonons  and  Polaritons  in  CuCl,"  Solid  State  Communi¬ 
cations  1209  (197^). 

6.  A.  Hartstein,  E.  Burstein,  E.  D.  Palik,  R.  Kaplan,  R.  W.  Gammon 
and  B.  W.  Henvis,  "Optic  Phonon-Magnetoplasmon  Type  Surface 
Polaritons  on  n-InGb,"  Int .  Conf.  Physics  of  Semicond.,  Siuttgart 
197^  (Teubner,  Stuttgart,  197^)  p.  5^tl. 


6 


NR  318-OOT ,  University  of  Colorado,  "Band  Structure  Modifications  in 
Superlattice  Structures,"  P.I.  -  Dr.  Herbert  Kroemer,  NOOOl)4-76- 
C-0L15 

The  effects  of  screening  and  self-energy  are  studied  in  the  Peierl's 
instability  in  periodic  superlattices.  Work  on  purely  electronic 
modifications  of  such  instabilities  is  also  carried  out.  A  study 
cf  the  dynamics  of  the  motion  of  a  Peierl's  instability  through 
its  host  lattice  and  of  its  high  field  behavior  will  be  undertaken. 

A  study  of  two-dimensional  surface  superlattices  created  by  atomic 
steps  on  an  off-oriented  semiconductor  surface  will  be  carried  out. 
Progress :  In  layer-type  superlattices  the  electron  motion  perpen¬ 
dicular  to  the  direction  of  periodicity  is  not  quantized,  a  fact 
that  greatly  weakens  the  beneficial  effects  of  the  superlattice. 

T’ne  overlap  of  the  energy  bands  in  this  structure  essentially 
nrecludes  the  occurrence  of  negative  differential  mobility  caused 
by  a  transfer  of  electrons  between  minibands.  The  effects  seen 
so  far  in  the  Esaki-Tsu  type  structures  are  more  likely  due  to 
modified  Gunn  effect.  In  order  to  realize  more  than  just  a  fraction 
of  tne  promise  of  the  superlattice  it  will  probably  be  necessary 
to  pre};'are  them  in  substances  in  which  the  electron  motion  is 
inlierently  one-dimensional 

Recent  Publications: 

fi.  Proemer,  "Negative  Bulk  Mobility  Devices  -  What  Next?",  Proceedings 
of  the  International  Electron  Devices  Meeting,  Washington,  D.C., 
December  197^,  pp  3-^* . 


NR  318-009,  Rensselaer  Polytechnic  Institute,  "Wave-Solid  Interactions," 
F.I.  -  Dr.  Harold  Tiersten,  N0001U_t6-C-0368 

Theoretical  investigations  of  the  guiding  of  magnetoelastic  and 
piezoelectric  surface  waves  in  deformable  media  and  on  the  nonlinear 
interactions  in  acou.stoel  eetric  devices  will  be  carried  out.  Progress : 

An  analysis  of  the  reflection  of  surface  waves  by  an  array  of 
reflecting  strips  by  means  of  derived  approximate  equations  was 
^-•arrieSi  out.  These  equations  are  expressed  in  terms  of  the  known 
’■"un  Puiiental  material  constants  and  no  measurement  of  model  parameters 
is  required.  Agreement  with  experiment  in  Y-Z  lithium  niobato  is 
good.  The  extremely  accurate  approximate  solution  for  the  funtiamental 
nondispernive  antisymmetric  mode  of  the  wedge  waveguide  in  isot.ropic 
.■naterials  has  been  completed.  A  method  of  analysis  has  been  obtained 
■’or  the  treatment  of  abrupt  discontinuities  in  determining  tlie 
i  ri  !'i  ceir.'i;  )f  the  radi'itin/:  cniinunis  sp.e-ctrum  on  tlie  propagation  cf 
clast  ic  r.ijrfac’  waves  ;'i;i  ;e  '  hy  thiti  t'liins..  An  an.'-.lyr.ic  of  t.rapt'od 
eriorgy  to  s-  iia  fc  I'er'Oinr  it;  '■ '.-rrt  ••n'-r  ef  coupii.i  t  hi  ckties  r -shear 
and  td,  i  cV.ti-'ss-^  w  ;  ■■■  fgi  s  t  •irtieio-:. 


:!.  F.  ''ici'sten,  '’A!i 
.'vertonea  of  coupled 
Sp*  .  iio .  11,  July  19Yi> . 
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•'.ihl  paraitietr ic  o.xeit.ation  of  surface  waves  in  elastic  and  pieoo- 
‘■'lectric  scTidF,",  Journal  of  Applied  Pliyr.ics  lif?T?-87  (197^). 


]] .  !■'.  iiersten  ai'.vl  f.  Ruhin,  "vn  1 'ne  funda^iental  anti  sin’uiietric 
irode  of  the  wedge  guide",  197-!  Ultrasonics  fyinpcsiuTn  Proceedings, 
;'p.  JO. 


F.  F.  l  ier.v.ten,  "Kori.i  i ntrir  elec ;  roelast  ic  equatin'  s  c\]bic  in 
‘  h"  small  field  variables,"  Js';>;rna]  of  -the  Acoustical  Society 
J.'.'.'rica  f_7,  p60-o  (!9T8). 

!i.  F.  Tiersten,  "Analysis  of  i ntcnnodulation  in  thickness-shear 
ret..;  energy  radiat.orr," ,  Journal  of  tiie  Acovistical  Pociety 
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jR  :Uc-010,  Univei'sit.y  of  California  at  l,os  fuigoles,  "Magnetic  Alloys 
aiiv!  Organic  Condiictors , "  P.I.  -  ih' .  Raymond  Orhocli ,  rJ000l!4-7h-0-02A5 

T'.c  p!hysic-''l  properties  t'f  conducting  organic  sol  Pis  will  be  investi¬ 
gate  i  t;  I'oreli  cally  by  devctloping  in.'w  models.  f  cliarr.e  transfer  in 
qures  ! -one  d  iiiiensi  onal  narrow  band  solids.  Kicctron  spin  resonance 
wi  i!  la'  used  to  investigat.e  liilute  magnetic  alloys  1  liai,  have  nearly 
O’. .' tai' moTTK'nts  and  exhibit  large  negative  exchange  coupling. 
Aid’Jiotial  work  will  be  undertaken  to  invest  i g.at.e  the  effect  of  the 
large  nei'ativG  exchange  coupling  on  negat.ivi-  thennoj'ower  in  dilute 
i.f.tnctP'  alloys'.  Additionally,  an  invest  i  gat  ion  of  fluctuations 
1'  .'-i.'.!,  a.r  siq’ercondiict.ors  near  tiie  supercoriduct  ing  transition 
’  ;  t  '  isf-  will  le  carriei  out,.  Irogres-s  :  The  1  hej'moel  ect  I'i  c 

,  wtr  i  f  :i  ii.arrow-b.a.nd  liubbar.i  chain  with  an  arldtrary  number  o‘' 
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electrons  per  site  was  studied.  The  calculations  were  carried  out 
to  the  lowest  order  in  the  transfer  integral.  Tt  was  found  that 
a  characteristic  electron  density  1=2/3)  existed  below  which  ti.e 
theiTioelectric  power  is  negative  at  all  temperatures.  In  contrast, 
for  the  density  larger  than  2/3,  the  thernopower  is  small  ana 
negative  only  above  a  characteristic  temperature,  below  which 
there  is  a  change  of  sign  and  slope.  Tlie  applicability  of  the 
results  to  th.e  charge-transfer  salts  of  tetracyanoquinodimethane 
(TCIIQ)  was  pointed  out. 

Recent  Publications: 

1.  D.  Davidov,  K.  Maki,  R.  Orbach,  C.  Rettori,  and  E.  F.  Chock, 
"Re-Entrant  Critical  Field  Behavior  in  Gdj^Thi  _y_Ru;^  :  Correlation  with 
EPR,"  Physics  Letters  ^3A,  l63  (1973). 

2.  D.  Davidov,  C.  Rettori,  K.  Baberschke,  E.  P.  Chock,  and  R.  Orbach, 
"Correlation  Between  Electron  Spin  Resonance  and  Superconductivity 

in  GdxBp_yRu2(B=Th,  Ce ,  La),"  Physics  Letters  l6l  (1973). 

3.  N.  L.  H.  Li  and  R.  Orbach,  " Super exc hange ,"  A.I.P.  Conf.  Prcc . 

10,  1238  (1973). 

E.  P.  Pincus ,  "Charge  Transfer  Molecular  Solids,"  Selected  Topics  in 
Physics,  Astrophysics,  and  Astronomy,  p.  138  (1973). 

5.  P.  Pincus,  P.  Chaikin,  and  C.  F,  Coll,  "Correlated  Pairs  in  the 
Attractive  Hubbard  Model,"  Solid  State  Communications  2^,  1265  (1973). 

6.  C.  Rettori  and  D.  Davidov,  "Comment  on  the  Hyperfine  Constant  of 
Rare-Earth  Ions  in  Dilute  Alloys:  Th:  Fr,"  Physical  Review  3  10 , 

1+033  (197I+). 

7.  C,  F.  Coll  and  G.  Beni,  "The  Effect  of  Polarons  on  the  Conductivity 
of  the  Harrow-Band  Hubbard  Chain,"  Solid  State  Communications  15 , 

997  (1971*). 

8.  D.  J.  Scalaplno,  Y.  Imry,  and  P.  Pincus,  "Generalized  Ginzberg- 
Landau  Theory  of  Pseudo-One-Diraensional  Systems,"  Physical  Review  P 

n,  2042  (1975). 

9.  J-P.  Gallinar,  "Thermodynamics  of  an  Extended  Hubbard-Model 
Chain.  TI.  Strong-Coupling  Limit,"  Physical  Review  B  ]A,  41+21  (1975). 

10.  T.  Tonegawa,  H.  Shiba,  and  P.  Pincus,  "Thermodynamics  of  the 
Impure  Classical  Heisenberg  Chain,"  Physical  Review  B  4683  (1975). 

11.  P.  M.  Chaikin,  P.  Pincus,  and  G.  Beni,  "Peierls'  Transitions  in 
Alternate  Lattices,"  Journal  of  Physics  C:  Solid  State  Physics  l/j- 

(1975). 
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12.  P.  Pincus ,  "Basic  Principles  and  Concepts  in  the  Physics  of 
Low  Dimensional  Cooperative  Systems,"  in  Lov-Dimensicnal  Coopera¬ 
tive  Phenomena.  J.  T.  Keller,  Ed.,  (Plenum,  New  York,  19T^)  pt .  ^1-21. 

13.  C.  Rettori,  D.  Davidov,  and  H.  M.  Kim,  "Crystalline-Field 
Effects  in  the  EPR  of  Er  in  Various  Cubic  Metals,"  Physical  Review 
E  8,  5335  (1973). 

lU.  R.  Orbach,  "Electron  Spin  Resonance  in  Superconductors,"  Physics 
Letters  ETA,  28i  (197E). 

15.  R.  Orbach,  "Energy  Transfer  and  Anderson  Localization,"  Physics 
Letters  E8A,  1+17  (l97l*). 

16.  R.  Orbach,  M.  Peter,  and  D.  Shaltiel,  "The  Magnetic  Resonance 
of  Dilute  Magnetic  Alloys,"  Archives  des  Sciences  2T_,  lii  (1978). 

17.  0.  Beni  and  P.  Pincus,  "Thermodynamics  of  an  Exter.ded  ■iubb”;  ! 
Chahi.  I:  Atomic  Limit  for  the  Half-Filled  Band,"  Physical  Rev: 

9,  2963  (1978). 


;.  Beni,  P.  Pincus,  and  J.  Kanomori ,  "Low  Temperature  Properties 
„f  the  One-Dimensional  Folaron  Band.  I.  Extreme  Band-Narrowing 
Regime,"  Physical  Review  B  1^,  1896  (l97l+). 

19-  U.  Bernstein  and  F.  Pincus,  "Thermodynamic  Properties  of  the 
Dimerized  Half-Filled-Band  Hubbard  Chain,"  Physical  Review  B  10 , 

3626  (1971+ ). 

20.  G.  B.  Arnold,  "Upper  Critical  Field  and  Critical  Tem.perature 
for  Superconducting  Alloys  Described  by  the  Anderson  Model,"  Physical 
Review  B  1C_,  105  (l97l+). 

21.  S.  E.  Barnes,  "Fine-Structure  Splitting  of  a  Localized  Moment 

in  a  Metal;  A  Diagrammatic  Analysis,"  Physical  Review  B  Q_,  I+789  (1978 

22.  G.  Beni,  "Peierls  Transition  in  a  Quasi-One  Dimensional  Systemi," 
Solid  State  Communications  269  (197^). 

23.  C.  F.  Coll,  "Excitation  Spectrum  of  the  One-Dimensional  Hubbard 
Model,"  Physical  Review  B  9_,  2150  (1978). 

28.  0.  Entin-Wohlman ,  G.  Deutscher,  and  R.  Orbach,  "Anomalous  Spin- 

Flip  Lifetime  Near  the  Heisenberg-Ferromagnet  Critical  Point," 

Physical  Review  B  219  (1975). 

25.  G.  Beni  and  C.  F.  Coll,  "Thermoelectric  Power  in  Half-Filled 
Bands,"  Physical  Review  B  573  (1975). 
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26.  J-M.  Moret  ,  H.  Orhach, 

W.  Zingg,  R.  A.  P.  I'pvine,  'ini  ii. 
Relaxation  Karrowing  of  the  i’t  r-u'-tor’'- 

of  Pd,”  Physical  iieviev,  P  IJ  ,  ' 


27.  F..Fryne,  "Magnetic  -  ieM 

in  Ant  i  f  eri'omagiiet  s  , "  Piiysica]  ■p?vi“w  '•  1.  ■■ 

28.  C.  Rettori,  H.  M.  Ki:i.,  !■..  F.  '’heck,  "-nd 

Behavior  of  t'arajnagnet  ic  Ton;-'  arci  t.-Imj':  ;  - 
metallic  Compo'Jttds  :  'liy i-ni  "  '2F;\  c  i  ' 


29.  0.  Beni,  "Thermcelectr' i  c  Fowe?'  - 

Chain  at  Arbitrary  Fle'^tr,"!!  ''pnc'tv' 

B  10,  21SA  (10711. 


*  he  F  -T  :  '.'V; 


!TR  318-O]  H  ,  Rockwel !  Fcience  r'r.n'- o’" .  'I'-i:.'-  .  ' 

PbSnTe,"  F.I.  -  Dr.  lohr.  '’ere.  'l''r;oi  1...  y  ,  ■  ■■  o 

This  progi'am  will  study  co.nven' -  .ncl  t  n-'i'*- •  r  1  ■  • 

grown  epitaxial  films  in  vac.:':',  stn;y  'he  '-c  ■  the 

induced  scattering  from  -.xide  .'T' •'•10  Dr 

with  ESCA  data,  and  will  stud.y  tVie  sre-c'cc  voer  -'ver c'lc  ! 
thin  film  of  Ph  or  otlier  metal.  Frogref-s :  F:'u..an  ct '..’d  F'^r-  ' 
have  indicated  tiiat  Te  pt'ecipitates  c.re  t-  .r-n;  -’  a!  .-u'-f' 

PbSnTe.  Scattering  from  Te  aiv:  "'e't  1  r  ■  'r^-'--r 

signals  from  suitably  etched  Fhl'ni'e  .■■l. -'e  :  -vr^c'-  •-  In: 
the  presence  of  Raman  scatterir.;-  /■  .■  r.e  •:  -  ’ 

from  the  DO  zone  center’  pF.!,'r;-::T: . 


NR  318-OlT ,  Naval  Weapons  '’enter, 
of  Solids,"  F.I.  -  Dr.  VictC'r  Rehi. 

This  program  will  utilize  the  NWC  fa 
Radiation  Project  to  study  the  ultra 
8-25eV,  and  the  deep-lying  err'^  ct-it 
excitations  in  the  ?F-300eV  rang*^. 
on  the  materials  OaA.s,  TnF,  Fi  ,  r\  ri 
mentally  determine  t iie  etu'rry  ,  c.’.Titrf 
parameters  of  interband  critierg'  roi 
band  gap,  to  seek  exper ir-:(u.‘ al  cv;  :<:• 
exciton  or  elect,  ri’n-.,;-|  c,- ■  r-.  t  ■ -i.'-fr.t 
fundamental  gap',  •j.nd  t,,.  '  ic 

near  their  halt  anil  t-urtt-ir-c  r  !  a r: 
emissive  total  vie  1.1  we 


I  L 


'v:!  l  *.'■ 

1  •  .... 


..'.eve  1 

■,'lp .  •>  '  1 

i  rogr 

-'o.:  V'l;'  •  •.  ' 

‘  -  -r--  n 

:  o:.  ■' 

eO  -■ 

i  i  n  ■■-v.-  i  ■  ■' 

'•  ■  ■ 

•  <  • 

see','  t 

in  n  “-nS' : 

•  •  Vv  »  '•  t 

isoel 

•^'?r  initil.'  *  ■: 

*  -  • 

bar  c 

vu:  -■■■n.-  , 
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0  exy 

found 

wit  ii  nr.  • 

f'  ' 

a  c-axis  I'ai'  is  iv  ■  a 

■  ■  1.  V'- 

the  ext'^emely  ha:-.';  h  . 
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NU  318-020,  N.'ival  ;'\ij  :'a  ■.  vv,'.''(  ,  ’■ 

Magnetophonon.  l',f f'e'’'?  ;•  i’  ■’ 

Burke 

Magnetophonon  rer'anar’er-.'-  t  r-r  rr- 
electronic  state;-,  in  a  rt,-. 

with  which  the  eiectronr  inte!a-;v, 
the  phonon  frequency,  w^.  is  +hc  oycl 
integer.  The  effect  is  mf'Bcure.i  as 
for  the  semiconductor  ai'.d,  very  it-p." 
involved  in  tiie  transpo".'  p’  r:  e  ■  t  e- 

studier,  on  trie  Pt':'.;',’  - . . 

carrier  density,  'a.;.'  icr-  ■,■■■■■ 
measurements  will  be  f-y;  .....  . 
semiconducting  aii,'.y  :;ys 
have  been  observe;)  bet, we..;;  ’  a  ; 

SripQTe  and  FbTe.  T'lirr:  a  • 
calculating  t>ie  ma.:':e'  •  a  a  •’  ■  ■ 

of  the  magnet  ares  i  n-a-  a.a  ••  .‘■.-.■i  . 
measuring  the  he.avy  . •  eSi'..,.,  ; 

dependence  y,. '".a.aa  ■ 


.'■x:  •  ' '-e;;  t  ■>  i  :i:!  :  u  ly  will  t-e  n;;iile  o'.'  vrii’i -'■v;;' 

:  1 -y  I.-  vht'  i’Mr*‘  I'lifl:.  liii  'v.;,  i  i.l  t^rrietii!  1  if  (vin.i  ,  i  < '1  y  i  ififi  ■ 


:f  f-pf  X:' Miivi  xLiilercf  i::  i  x  1  lire  r;  i-C-  'ielerniiiie  their  ir  rt-rtii-: 

t'-fix  iui’iufiije  ti:e  j'.'ir.'tr.-etf  rr.  r.iiitahle  for’  yieliin^."  larre  n.ayne*  . - 
fllriotior:  while  prerervinr  roo-i  cui;  iuctivity  arni  f't ructural  if'cr.'-r*  it-;- 
r' ,r  transducer  a;'])l  icat  i  on  .  i’lic  nater  j  a]  e  will  be  prepared  ;;t  ; 
h'.ecked.  fi'r  their  macynetic  propertier  by  Mossbaiier  aiialy^rir,  by 
strain  (paupes,  by  conventional  torque  and  direct  inovenien'  r.eanur’  - 
inontG.  broKress :  In  terbiuri-irori-yttr  iuin  (TbFeV)  alloys,  at  rrr.al  1 
concentrations  of  Y,  the  inapnetost.rlcti on  drops  linearly  wit;-, 
increasiiij';  Y.  At  a  critical  concentration,  the  magnetostr  ict  ix  n 
iT'ocG  to  oero.  It  has  been  showni  in  teridurr.-iron-cobalt  ('TL'r’ei.'o ) 
tha*  the  rhombohedral  deviates  stroncly  in  a  nonlinear  fashion  a;'  t!.-' 
’f.r.centrat ion  of  Fe  or  Co  is  varied.  Tlie  underlyinf,  niechani  rit  for 
tills  ehancte  is  just  tlie  dependence  of  the  Curie  temperature  on  tlie 
axloy  concentration.  The  iiiattnetostricticn  ccr.es  almost  exclucively 
from  the  Tl)  sublattice,  which  dominates  the  mafinetostrict,  i  on  cf  the 
transition  metal  ions. 

Recent  Pdiblicat  ions ; 

1.  A.  E.  Clark,  .1.  R.  Cullen,  and  E.  Callen,  "Rhombohedral  I'agneto- 
strictive  and  Magnetic  Materials,  Distortion  of  Highly  Tb  Alloys", 

Froc.  of  Conf.  on  Magnetism  a,rd  Magnetic  Materials,  197!5. 

2.  R.  Abbundi,  H.  Cegnan .  J.  J.  Rhyne,  and  D.  Gweger ,  "Hyp-  . 

Fields  in  the  Absence  of  Magnetic  Order  in  DyCe  Alloys"  •  '  ouf. 

on  Magnetism  and  Magnetic  Materials,  1975- 


NR  318-O2I4 ,  General  Electric  Corporate  Research  and  Development 
Center,"  Improved  Permanent  Magnet  Materials,"  F.I.  -  Dr.  J.  J. 
Becker,  N000ll*-7i*-C-02Tl 

The  coercive  force  in  high-anisotropy  materials  will  be  investigated 
in  oriier  to  supply  a  basis  for  the  development  of  permanent  magnet 
materials  surpassing  the  best  in  existence  today,  all  oi'  which  are 
now  based  on  Co5C>m.  Present  techniqiies  are  seru'itlve  enough  to 
permit  the  measurement  o*'  magnetization  and  hysteresis  behavior 
of  single  microsample  particles  in  great  detail.  Further  informa¬ 
tion  on  the  nature  of  the  defects  responsible  for  nucleation  events 
in  single  particles  will  be  obtained  by  analysis  of  magnetizat.  ion 
behavior  and  its  dependence  on  various,  physical  parar.etc’rs , 
especially  temperature.  Progress. :  Very  tiny  s-unples  fron:  bulk 


d 


wintered  Co5din  mav'r.e*;;  i^  v  !  ;;  - 

::aticn  j>}iei!v)iiie:;a  j  revioucl^,-  Lioei;  ctiiy  j  ii  ain,  ie  I'lir'.  i  j  I*,  :  re!  ■ 

fror;  cast  matin-ial  .  These  i.!.r-iioi!:eiia  ir.c’  :  i.  T!.a)';!.e+ izat  ic  n  iirce:.- 
tinuities,  a  quaal  isee;  dependence  of  ii.ic  lea'  inj'  !’ieidr  or;  i'.acj.e'  1  .'d 
Tields,  an  angular  l/cosO  tr;ipped-wall  dependence,  aiKi  on  occasier. 
a  completely  rectangular  hysteresis  loop.  Thus  i'or  the  Tirr:.t  1  la- 
a  strong  link  has  been  estublisiied  between  eai'iier  reversal  r.ec'n.!.' 
studies  and  the  behavior  of  bulk  red'.!!:  r.agnet  ,  tl'.e  saj'>:  .ic:'.’c',- 
nucleated  reversal  behavior  being  observed  in  botii. 

Recent  Publications: 

1.  J.  J.  Becker,  "Properties  of  ’-licrosiui’-ples  of  Wintered  Ccb;-.!''- 
SamariuDi  Magnets,"  presented  at  20th  Annual  Conference  on  Magnetic::, 
and  Magnetic  Materials,  San  Francisco,  AIP  Conference  rr-oceeding;.' 

2^,  676  (1975). 

2.  J.  J.  Becker,  "Origin  of  Coercivity  in  Cobalt -Hare-Farth  ''ar'do., 
and  Sintered  Magnets,"  University  of  Dayton  liymposirc’:  on  Crysdri; 
Anisotropy  and  Coercivity  of  Rare-Earth-Transitioti-Mcta]  Alleys, 
Dayton,  Ohio,  Oct.  17,  197^4. 


NR  318-027,  Massachusetts  Institute  of  Technology,  "Magnetic 
Semiconductors,  Detectors,  and  Electronic  Devices,"  P.I.  - 
Dr.  George  Pratt,  110001^4-75-0-0785 

Use  is  made  of  new  models  of  many  electron  systems  in  magnet  ic  su] i  i 
in  order  to  determine  their  points  of  transition  from  metal  to 
insulator  and  conditions  of  spontaneous  magnetization.  Calculations 
of  energy  levels  associated  with  deep  traps,  defects,  and  impuritie:; 
are  calculated  by  means  of  cluster  techniques  of  energy  band  theory. 
The  magnetic  after-effect  will  continue  to  be  investigated  as  a 
sensitive  detection  scheme.  Progress :  The  electronic  energy  leve.ls 
associated  with  vacancies  and  interstitials  in  PbTe  have  been  calcu¬ 
lated  using  the  Johnson-Slater  cluster  method  with  a  Pbl4Tei4  cluster. 
This  is  a  SCF  relativistic  calculation  and  the  results  are  similar 
to  those  reported  earlier.  Agreement  with  the  previous  Parada-Pratt 
first  principles  calculation  using  conventional  hand  theoi'y  is  als<; 
good . 

Recent  Publications: 

G.  W.  Pratt,  "Production  of  Quasistatie  Higli  Magnetic  Fieids  iiy 
Switching  Low  Voltage  d.c.  Generators",  lEKF  Trans,  on  Magnetics, 
MAG-10,  201  (I97I4). 
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NR  318-039j  North  Texas  State  University,  "Investigation  of  Optical 
Biasing  on  the  Quantum  Transport  Properties  of  Semiconductors," 

P.I.  -  Dr.  David  Seiler,  N00011+-T6-C-0319 

The  investigator  will  study  the  quantum  transport  of  electrons  and 
holes  generated  by  optical  irradiation  in  the  presence  of  high 
electric  and  magnetic  fields.  During  this  study,  new  tools  will 
be  developed  and  utilized  to  provide  information  on  determination 
of  the  non-equilibrium  electron  temperature  and  the  effect  of 
laser  irradiation  upon  this  temperature,  to  determine  the  transient 
effects  of  the  Shubnikov-de  Haas  and  magnetophonon  resonance  effects 
in  pulsed  electric  fields  and  the  corresponding  energy  relaxation 
times,  and  to  study  the  properties  of  the  non-equilibrium  carriers 
through  spin-splitting  of  the  Shubnikov-de  Haas  effect.  Progress : 
New 


NR  318-OUo,  Stevens  Institute  of  Technology,  "Research  on  Chalcopyrite 
Semiconductors,"  P.I.  -  Dr.  George  Wright,  NOOOIU-76-C-O38I4 

Theoretical  calculations  of  the  electron  energy  bands  will  concentrate 
on  the  differing  influence  of  these  effects;  the  change  in  the 
chemical  potential  of  the  A-B  cation  sublattices  in  perturbation 
from  III-V  or  II-VI  lattices,  the  effect  of  the  c/a  distortion, 
and  the  effect  of  the  anion  distortion.  This  study  will  utilize  a 
blend  of  symmetry,  pseudopotential,  deformation  potential,  and  k-P 
techniques.  Experiments  will  utilize  piezo-spectroscopy  to  ascertain 
deformation  potentials  and  optical  pumping  luminescence  measurements 
to  ascertain  g- factors.  Progress :  New 


NR  318-OUl ,  Einory  University,  "Far  Infrared  Optical  and  Magnetooptical 
Studies  of  Semiconductors,"  P.I.  -  Dr.  Sidney  Perkowitz,  NOOOll-76- 
C-OU29 

Far  infrared  optical  and  magnetooptical  reflection  and  transmission 
measurements  will  be  made  in  III-V,  II-VI,  and  IV-VI  semiconductors 
and  their  alloys  with  particular  emphasis  placed  upon  the  III-V 
ternary  solid  solutions.  These  data  will  be  utilized  to  investigate 
dielectric  behavior,  coupled  phonon-plasmon  modes,  and  multi-carrier 
properties  of  the  materials.  The  role  of  multiple  coupled  oscillators 
on  the  dielectric  behavior  will  be  investigated.  Polaron  coupling 
and  tiie  role  of  plasma  interactions  in  narrow-gap  materials  will  be 
investigated.  Progress :  New 
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i.’R  31  “^'-0^4?,  IP.M  ?an  Joae  [-’e;4eriroh  i.abcratt,  ry , 
o;'  AnisotropK-  Orfanic-  I’cli-if:,"  1. 1.  - 

The  contractor  will  invostifate  ti;e  I’ollowinr;  (l)  ;'y:it 
cation,  and  filrr.  and  crystal  crowth  (,!'  derivative::  t  r'dy::',l : 
itivolving  intercalatiot!,  suVn't  i  tut  irr; ,  and  at  t.actoei/  cf  si  ie  o:  .  , 
(.')  nieasurenent  of  tne  conductivity,  themopower,  and  sj -c-ci  fie  ;..a‘ 
of  these  crystals  as  a  function  of  temperature;  a;!!i  (?)  interir’C 
ti.e  above  experiments  using  phenomena  oriented  r.c  iel  r.  to  rrcvl 
insight  into  molecular  and  solid  state  origins  of  electronic  s' r-u-t urc , 
metal- insulator  transitions,  densities  of  states,  ban  iwi  It.hs  ,  elec's.:.: 
effective  masses,  anisotropies  and  electrcn-phcnon  interact  . 
Trogress:  New 


UR  3l8-Ohl,  Western  Micliigan  University,  "Magnetc-transpcrt  ftuiies 
in  feriiccnductcrs F.I.  -  Dr.  Vijay  Arora,  UCOOl-’.-Tf-r- 

'.'alculaticns  will  be  carried  out  on  magnet otr an sp'-.rt  effects  ir. 
semiconductors  in  the  presence  of  electric  fields  and  thermal  gra iier,'' c . 
A  quantum  mechanical  approach  based  upon  the  solution  cf  Liouville'r 
equation  for  the  density  matrix  will  be  utilized.  Pesnlto  will  be 
extended  to  the  cases  of  nonparabolic  bands,  inelastic  acoustic 
scattering,  many  valleyed  band  structure,  and  the  effects  of  i.igl: 
electric  fields.  Progress:  New 


'^P  nii_n_01,  ;'?'PFPi’r>r]r)l''"'"TVI"'Y ,  (F.  a.  F.ielprick,  Anp 


NF  "IP-Op!.,  Nation'll  Fnroan  rf  ft  aniartn  ,  'Aaithersburr ,  "retec^  i '■  r. 
"f  FI  o;- 1  rorr.arne*  ;  o  Fai :  a'*.  :  ■  r.  by  Array;'  '"T  .toc-fiTsj^cnn  .Jnn^tionF," 

.  T  .  -  T.  r\  Finnrr'tn,  . 

Ti'.e  elect  rodynajT.ic  rropertier  o*'  sr-'i]!  arrays  of  int.eract  "i  nr 
foserhson  '^unnel  .iur.ct  i '''r,;-'  are  bein.^  invest  iratei  .  Both  radiatio.n 
einission  and  microwave  induced  j-esj.nnse  characteristics  are  heinr 
stu'iied.  A unc *■  i '"'S. s  are  boinr  devel'"-eed  usin?^  hip'b,  transition 
t  er.r  er  a  t  uT'e  ,  inrre  enemy  rai'  materials.  I'ropress  :  The  most 
i  yn  i ‘'i  cant  new  results  achieved  wi  +  h  i  arpe  area  Fh-Pb  oxide-F'b 
*unnel  •'^osenhson  durr'i  i  O'r.s  were:  (!'  ♦  he  successful  intecticn- 
IcM'kinr  (with  nr.  externa!  b  microwave  source)  on  small  arrays, 

ani  ('')  the  fir.'ii  observation  c.''  coherent  emission  from  a  radia- 
.’uPiCtiori  'irr-^v,  micr'^vrwp  slriT'lin^. 

Faiiation  from  this  array  was  iei.ectei  a-*,  freu.uencies  near  b,  '• 
and  If  llic. 

i'iecent  Fub  !  i  ca*  i  '  r.s  : 

1.  .  V .  Finnefoan ,  .  Tec's  and  d.  Wilson,  "Frequency-F'ull  ir;r 

ani  '"oheren' -hocki  nr  in  Thin.  Film  JC'serhsor.  Osc  i  1 1  ator  s  , "  Frc- 
ceedinrs  ;'d’  FT-lb,  T’.  iP-b,  ( l.'orth-iiod.  1  and  rubli::hinr  <^0 .  ,  (IQ"''''. 


IIP  'IQ-Ons,  f 'ni  vers-i '^.y  of  ralifoT'nia,  Perkoley,  "Microwave  ani 
Far  infrared  funerconduct  inr  Pe-teciors  '"'r  furveillar.ee  f y s'’’ err,:' ,  " 
F.T.  -  r.  Pichards,  iiOincit  ,'t_ba_,'\_r;ono_]  ooc' _ 

The  rroperties  of  hirh  frenuen-y,  wide  band.-w'd'h  low  n  i  se  j  r,rri_ 
me-iric  amplifiers  us,inr  dosephsor.  junctions  as.  nonlir;ea!-  eiener.t.' 
are  bo'inp  i  nve.st  i  rated .  ^rorress:  Fxrerim.en’s  'P  ■’*"  f'’'.’  ^..'ivo. 
th^.*  nri'i  *  ^  ^ i  i' i  f ‘T. T.  ix'  T'r 

nt-'i  i  p  i  nr  ’’1'  i ''r.r  vi*h  ^  i  ■■''i  1  V/  ■if'*' ♦‘pr'.  i  r.*‘- i 

vpj'if'r.  ^'ripr  p  I’-irarrr**  ri  f'  nr:rli^';‘'r  p*T'!pir.r 

'^^nerhp'^p  .^uri^*f‘'n,  r  :  rp  i  ^'np^  r  n  r  i '*  r*iir  wnr  brf>~v»:. 

rb  1  f'  ^  p  ^  b b  i  r ! . f ‘ '■p  i f *p ■'  v  *  wb  ^  I .  r p  i  ti  !  f'  b r.  ""b  r ''  p i  , 
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Recent  Publicatir^n?  : 

1.  "Noise  in  Josephson  F^'fect  mrr.-N’ave  fixers,"  ■! .  ('’insser. , 

T.  Taur  and  P.  Richards,  Prcceedinr  of  197^  Applies  Pnrerenr.- 
ductivity  Conference,  Cakbrook,  Ill.,  197'.. 

2.  "Josephson  Junctions  as  Heterodyne  Petpct<-'rs ,"  .  T'-.ur, 

J.  Classen  and  P.  Richards,  IFPP  Transactions  'n  Mi  or 'wave 
Theory  and  TecV'.ni  ques ,  December  107^,  Par*^.  T  T. 

NR  R19-0S7,  I'p.ssachusetts  Institute  c‘'  Techr.oio-ry ,  "'.■ur'erc'''n- 
ductinp  Flectric  Machines  for  Naval  Prorulsion,"  ^'.T.  -  !r.  J.  L. 
Smith,  rJ000ll4-^P7-A-0?0i.-O0'^8. 


The  contractor  is  invest  ipatinr  '^iie  charac*  t'r  i  s'*,  i  cs  -  exis'ir..' 
superconductinR  machines  for  ship  prcpul  sior.  ar.'i  c  -'ir.pa  r  i  r.f-  *  hc-n, 
with  the  characteristics  of  newly  conceive’,  mnch  i  ne-s .  ".wi  r.r-v 
machines  concepts  under  inve.stip;at, ion  are;  ( ]  )  sui '  rccvn  iuc*  i r;,- 
machines  havinp;  a  DC  superconducting  field  winiiT;t'  ■•ir;d  *w  r.  iT.nl’y 
ccnductinp  armature  windings,  and  (J)  a  hipii  ef'J  c  i vi  r  i  ai '.  <• 
speed  ship  propulsion  system  utilisin''  AC  sut*’:''’  r. :  s’’  ir.o  s  *  r, 
and  superconducting’  generator.  Pro).'re;;s :  Tiie  stea  ;y 
testing'  of  an  iron  and  corner  prototype  ■  f  ’i  sniper  ni'  iiai 

armature  motor  was  completed.  A  starting  windir.c  was  iesione; 
and  installed  on  the  inner  rotor  of  this  m'  tir.  A  i-imill'Me: 
circuit  model  for  this  new  dual-rotor  class  of  machines  ijas  beer, 
developed . 

Recent  Publications: 

1.  "Multipole  SuperconductinP'  Flectric  Motors  for-  ;'!ut  Prc'- 
pulsion,"  by  P.  Thullen,  T.  A.  Keim  and  J.  V.  Minervini ,  TFFF 
Trans,  on  Map:ne’t' ics ,  Vol .  MAC.-ll,  No.  ?,  March  19'^'^,  tt--  RTl-R. 


NR  RI9-O62,  State  University  of  New  York,  Stony  Brook,  "Cuper- 
conductinp  Broadband  Arrays,"  P.l.  -  Professor  J.  E.  Lukens, 
N00nilt-75-C-0T^9. 

The  radiative  properties  of  broadband  suT>erconductinp  arrays  in 
the  I-I8  GKz  frequency  range  are  being  studied.  Ther,e  serie.s 
connected  arrays  consist  of  many  thin  film  microbridges  whose 
properties  are  precisely  controlled  by  means  of  electron-beam  anf. 
inn  milling  fabrication  techniques.  The  effects  of  array  size  and 
coupling  on  microwave  output  power  and  on  the  intrinsic  array 
nr'ise  are  being  studied.  Progress :  A  most  important  result  has 
been  the  observation  of  voltage  locking  between  two  serie.o  connected 
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superconducting  indium  microbridger  vb.icL  were  ii;  ci'  se  ;  r;  xirr;*;,'. 
Data  show  the  existence  of  an  internai  synchronisation  i nteract 1  or. 
without  need  of  a  cavity  or  external  radiation. 

Recent  Publications: 

1.  "ObseVvation  of  the  intrinsic  noise  of  thin-film  microbridge 
Jcsephson  functions,"  Appl ,  Phys .  Lett.  Vol  .  ,  1^0,  15  Apr  7f, 

D.  f .  Pei  and  J.  E.  Lukens. 

?.  "Use  of  Fluxoid  Quantization  in  the  Measurement  of  the  Induc¬ 
tance  of  Single  Junctions  SQUIDs,"  with  S.  S.  Pei,  J.  Appl.  Phys. 
2257  (1975). 


NR  319-072,  The  Aerospace  Corporation,  "Josephson  Parametric 
Amplification  at  Microwave  and  Millimeter  Wavelengths,"  P.I.  - 
A.  Silver,  M0001)*-76-KP-60007 . 

Parametric  amplification  properties  of  superccnducting  <To.=  eph.s'^r. 
.iunctions  at  microwave  frequencies  are  being  .studied.  Faram.e'tric 
amplification  is  being  studied  as  a  function  of  critical  current, 
leakage  resistance,  .iunction  geometry,  and  frequency,  in  order  tf^ 
determine  the  conditions  for  optimization  of  rain,  bandwidth,  noise 
figure  and  frequency  conversion.  Progress :  Impedance  measuremer.'' s 
were  made  at  9  CHz  on  niobium  superconducting  point  contact  .iunction:' 
in  a  broadband  waveguide  for  the  purpose  of  studying  .iunction  para¬ 
meters.  Results  were  inconclusive  due  to  spurious  reflections  and 
lack  of  an  absolute  reference  impedance.  Alternate  experiment.^ 
are  being  attempted.  Experiments  to  study  parametric  ampl  i  cat  i  on 
at  90  GHz  are  underwa.v. 

Recent  Publ icat ions : 

1.  "T  arametric  Amplification  with  .'^el  f-Rumped  Josephson  Junct  ic.ns 
.  'h'lnter,  TREE  Tran.s  on  Magnetics,  Vol.  MAG-11,  729,  197'^-. 

,1'.  "Low  Noi.oe  i’aramotric  Ampl  ificat.irn  with  a  fel  f-r'ur.)'<d 
Jo.serh.oon  .Iunction,"  H.  Kanter,  J.  Applied  Physics. 


Nh  31‘^-07I',  .’tanford  University,  "Puperconduct  i  ng-Gavi  ■* 
'sciJlatoir  fr^r  Ultra  High  ftability  Padio  Frequenc.v  I’^u 


Prc.jfe: 

■:scr  H.  A. 

f'Chwcttman,  NOOOlii-67- 

-A-01 

iP-nni'Y. 
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Oeir.f.'  s'.uiied.  The  icns;  ter::,  fi'equer.cy  arift  of  the  fCTO  are 
heir.'  ecr.rare:;  te  a  cesium  beam  trequency  standard  and  as  part 
this  ::*;udy  trie  upier  limit,  of  the  secular  drift  rate  of  the 
fine  structure  cc ’-.si  ant  is  beinr  measured.  Prerres  s  :  Recent 
et^t’orto,  have  resulted  in  the  follswinp  substantial  irr.r  revemer.t .~ 
in  the  fCPO  perforinance  characteristics  at  8.^-  GHz:  (l)  the 
spectr.al  density  of  phase  f.l uctuat  ions  have  been  reduced  by  two 
.decades,  (p)  t.he  short-term  frecuc-ncy  stability  as  measured  in 
the  titr.e  domain  iias  been  reviuced  by  a  factor  of  PO  tc  1  x  J0~-' 
for  s:impJiny  times  between  1  ms  to  1 0  ms  .and  ('^)  the  lonp-'*'. erm 
fractional  frequency  dr|ft  has  been  reduced  by  a  .factor  cf  four 


.‘■ecen t  ’'uh'!  i  c.a*  i  : 

1.  ''i'uperconduct int’-Cavity  Stabilized  Oscillators  of  6  x  10“^^' 
Stability,"  S .  R.  Stein  .and  S.  F.  Turneaure,  IEEE  Froceedinys 
i^ettr-rs,  July  IQTR. 


ilR  319-ORO,  liationai  bureau  of  Standards,  Boulder,  "Microwave 
and  Far  Infrared  Superconducting  Detectors,"  F'.I.  -  D.  McDonald, 
NAONR-Rl-Tb. 

The  hiyh  frequency  re.-'pcnse  to  millimeter  and  submillimeter 
radiation  of  superconduct iny  point  contact  and  tunnel  type 
dosephsc.n  Junctictis  are  bein."  stuiied.  Frequencies  of  up  tc 
'.SO  Tiiz  are  beinr  explcre.i.  A  theitre'^  i  cal  study  of  ricosec^ni 
pulse  yenera*  i  "P.  by  .loserhson  .'unc*  i 5  5;  in  rr'^rress.  Froyres 
rro+o*y:e  1  -w  r''V>'r  : 'T  i  r.;'-'’;.'' :  e  re  r'rei  rera*  or  m-a  !e  of  n''r.- 

nrp'not  1  (■’ ,  n  n— v'''niu’*  in..'  •■ri  ni  c  i'cen  l''uil*  .an:  ma  i  n*  a  i  r.^- 

at  I'  n  c..^  ^  ?.  ur:-  wi'h  :.■  *  i  ■■•'■'■aM  e  wear.  The  micpo- 

rco,  '■  .7  T'h.err'r.f'n '  iy:  ’ci  *  tc'  rv  ■' f  * 'r’.e  .1.:  .^erhson  ha:'  been 

r  e  f  o.  r m  u  1  a  *"  1  r  ‘  'i ^ '  r i  *  -1  c ;  j  1  *  1 1  *  ■  n  '  t  e  ,  n r  ^  n  b''* 
re s T '~i n *' a  P'  ;'.*’ri;.‘'on  ^urnc'i  ''jnct  i '"■■r.  when  '''cnne.'*a  p  ]  * 
an  art  i  ■■  r'-.ry  . 


r  c 


i'.  M.  'linsberr,  "St  r or.y-'" 1  i  r;i' 
burren’  f  '1  Su: 

.  i  arrir,  -u.  i  .  r.  Pynes ,  "S’ r  ny-:'  u;  !;t.y 
r-'-ry;,-;.-  i  -al  fb  ^  iuc  t  i  v  i  ’  y  Sui 


r  :■» 
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,  Californlri  Inrlilutt-  o’’  '''ec’‘;n'‘- -  ’  i’’;.' , 
c T'l oc tT‘orrri.f’T.f-?t- 1  c*  nt.  1 '"'f.  tv  Attoivi'  .'  y.  f  y 

^.T.  -  A.  Vercer'^n^:,  T.^O^'O'!  ^ 


'^he  courlins'  between  In-ii’/t  in-;'  el  e;:.>'-r.’.n  ■>.:.  ■•.'•••■r: 

-uctinf  tur.etioi'.F  is  Vein.-'  ex''-’r.  ’  :-.e  i  I'.-*'.  * 'r!-"n  i  i  y  ■ 

mon"*’ '  i  1 1  y  .  TnTC‘'^n'’^’r‘b* ,  i  'I  '*■  p'  *’*•»-  i’j*-’  ‘v  ' 

nn'i  sensitivity  are  bf^in.’  S'*- 'a  ii  <"■  J .  •'rof'ves;' ;  s.-i 

Q-^  i  nd  ivl  li'ja]  e- emen*  r  in  a  sin  ercr  n  iuet ;  ne  s*’'ier- 
rroxirrity  ccnrled  ■' ■  ss  r ’ns -r.  ,'ur,'.''-‘.i  rns  have  t  f>er.  t’  ’ 

together  in*o  a  sinrl^  sy  nob.  re  no-,  is  v-de  whi;':'.  ’  r.e-  s  i  e  •  i 
.’unct  i  erir  is  su'‘*'i  "'i  end  1 '/  ssnll  (e-.r.  ]ese  ■*  b'n-  ’ 

in  arrays  if  ilb-~a  .iunctisns  ‘'.r  frennen'’ i  ei' 
phenomenon  :'oour;'  sront  aneonsly  'wi 'i.c’d  *'•■■■  r.  j  ■  *' 
radiation  or  a  res'-r.rird  cavi 


Recent  Publications: 

I.  "iicise  Measurements  in  '.''nerc-'r.duct:  nr  x ty  r 
P.  K.  Decker  and  J.  F.  Kercereau,  Arp’.  .  'o;,yr .  Let’  . 

r.  "Ptrirline  Couplinr  to  Josephsc'n  ''t-.- i  i  1  ate  rs  . 

J.  E.  .Mercereau,  J.  Ami  .  P'nys.  .'A,  ^  ). 


HR  dl9-^-P,  I'ni  vprs-;i  t y  of  reni;sy ’  var. i  -i  iei  ;  a  , 

Excited  Purerconnuctinr  r'evices,"  P.l.  -  I'.  L.  ;  ani’er.bern , 
ri00011-75-C-09Df . 

The  dc  T-V  characterist  3  c.s  r-f  the  ■I'p'^  i  cally-i  n  iuced  weal  1  ini- 
are  fceinr  studied  in  several  s’lp-er-'onduct  i nr  rr.a-^  eni  al  s  . 
dependen--ce  of  the  critioa]  current  or,  temperature,  i  irht  in-f 
and  marnetic  field  are  fceinr  i  n'.'e.st  i rated .  "^he  response  of  ’ 
optically  induced  weak  links  to  microwave  radiation  is  also  1 
studied.  Progress :  Usinr  op’*^ica]  excitation  t-  pro-duce  an  « 
of  quasiparticles  (i.e.  non-paii'erf  el  ep-^  r"  ns ''  in  thln-film 
superconducti  nr  mi  cri  br  3 -Irps.  h’ls  ‘  i'  -latf-  r’- 've-i  3  n-.'oncl  ur  I , 
an  -al*erna*‘s  technique,  1  urn  x  ”  utt  ‘■uniK-l  .’uno*  ;  •  r.  evap-ora' » 
on  a  3  'nr  ’■.in  microbri-ire  -wai-  used.  '.;ua  s  ’  t-’ic*  i-'l'-s  wer*-'  in,'' 
thr.airh  *^he  tunnel  l-arrie-r.  '.'xr  on  irr  n’ r  wi  cer 

in  demon.str'it ;  r.r  ‘he  fear  3  h  3  i  ; '  ■  !'  an  e  1  eat  r  i  cal  1  y  ’unable 

sur  ercc  r.duc‘ inr  doscrh.son  weak  link  usinr  the  me*  hr  ;  a’’  li  •■fl 
3  n.iees  i ,  a;  -p  r-vrerr  qua  .0  ;  I  a  rt  :  c  1  es  . 


’  V  >•  ->  >  jTV'  T  V  . 


■iir'iTir'Ti V  in  .  ' n  < -r  ' 


.  h’ .  lanrenterr,  L  vau  i  1  :  V  ri 'im  '  l.encrr.ena  in  '.'uper 
emtera*-ire  ^hv'.’i  T  -  'f’jh  V  1  .  V ,  f  IJ.  r '  h-i:  ;  a:;  ;  '  A: 
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319-09^,  ‘■?assac’huset  t  s  Institute  cf  Techriolop'y,  "."vnthesis  ^ 

Hirh  Transition  Ter.peratur'e  All  Tunercon'iucti nr  ty  Means  icr. 
Tr.i  1  a nt  s i  ''f' ,  "  :  .1.  —  r  .  r.' v,  ^'osc,  'lOOQl-t— TT_o_ppQ'7  ^ 

.'utstrates  o 'iblAl  will  be  prepared,  characterized  and  implanted 
witi.  oi  ions  at  varic'us  dosares  and  enerries.  Measurement  s  c 
*:rar.sition  temperature  and  other  surerccnductinr  prcperties  vill 
be  m.a.ie  as  a  Tuncticn  c  f  irr.plantat  i  cn  temperature  and  initial 
specimen  rreiia!’".'*' i  on  .  Mrorresn:  Mew. 


:-:ecer.t  Pub]  i  cat  ions: 


"F  'ir.ivensity  of  Maryland,  "Folse  a.nd  Felaxaticn  Fhenom.er.a 

in  .'■'’li  is  a"*"  Tow  Tempera'^  ur^'S ,"  I'.I.  —  T'^.  losep'^  Veher,  ’iooci'' t  ..^'_cLpP 

'! CTi  tin*?  2.ss^c'ifl't€’'i  vi'th  v?^c  r.ols^*  '^r'cr^'  cini  ii  — 

^■'.ec-^ric  crystals  at  low  tem.Teraturer  will  be  i  r.  vent  i  rat  ed  .  The 
ni  and  C  of  a  nichiur.  cylinder  at  low  t  em.r  erature  will  be 

r  t '  I  i  i  1 ,  P C'  {'•"  T'  0 r>  I  0V 


F e'',”  en  ^  T  ub  1  i  c  i  o n  s  : 


'■19-19'^,  Cornell  University,  "Cuperconductinp  Detectors,"  ’  .1.  - 
F.  Ruhrman,  N000lU-7f^-C-C596 . 

The  electrodynamic  prcperties  and  intrinsic  noise  cf  c.uperccnductinr 
quantum,  miarnetom.pt ers  biased  at  rf  frequencies  above  100  MHz  will 
be  determined  employinr  both  computer  analysis  and  experim:entation . 
'Isinr  superconductinr  thin  film  indium  weak  links  and  variable 
thickness  niobium,  bridres  as  microwave  detectors,  a  detailed 
.stud;/  -■  f  heatinr  effect.s  wi  1 .1  be  made.  Prorress  :  New. 


Pecent  Publications; 


I 
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i  Tit']  .ck:' r'l  octfi  ?  ’^CT'Tvr'i*:':.,  ’  :  *  rt";'".'*', , 
‘■'i  r  vow'tve  r'r:i  ir.r  JoFer  hr.rr;  :  _:r.  Arr'i;;;' ,  " 


‘■''octp  cA  criMca^  circuiA  rar-ime'*' err.  ■  Ii.Ar-r  -  r.r.eo’:ei 
•’cseMiscr.  ;uncti  n  cifcuitr  vill  te-  ana!l  y*. :  oal  ly  ctuaiel.  T' 


!"ilrr.  .'ur.ci 

i  ons  tC'  le  invest  irated  inclu 

de  the  micr^hri 

dre  rjr. 

T'  X  ’T  i 

types,  '^he  emitted  radiation 

fr.m  tv,ese  fur. 

■■'y  1  cris 

■1*  X-band 

frequencies'  will  be  exre7'iTr.pr. 

tall;,'  ir.ves'ira 

t  p  2 , 

■•■‘riri  1  t  r 

noir^-  rcwp'r  cutT'ii'*.  r  , 

freauen,'.'.'  liru- 

V  i  i  ^  r. 

r'r'^-rienoy 

ranre  0^  cnera^Pon  are  amonr 

the  p'ir.''t,'T.et  er  0 

T  0 u  r  t"  i  . 

Prccress:  Zlev. 

'iP  "19-09?  •,  I’niversity  cf  California,  ;0a,r.t,a  Earbara ,  ''Trar.sr^  r'* 
Frorerties  cf  ilonequi  1  ibri ’ur.  SuFerconoucl  i  nr  Mater  :al  p  , "  F.l.  - 
D.  J.  Scalarino,  fi0CFl!--Tf-C-0S’,'‘' • 

The  rrocesses  by  which  varicur  mcneouiZ  ilriirr  ir.rtab  Z  Z  ;  ■*  i ec 
cause  breakficwr.  in  surercon  iuctcrr  will  be  rtuii*"';.  For  rr.aZZ 
perturbations  ‘’rom  the  equi  1  i  briur.  rta*e,  *.he  uu'*.:' i  vart  e  ar.i 
rhonon  'ieviations  will,  be  corprarei  f'cT'  '■'i  v';rif-'^v  •'■xc!**’!*  i 
r.echani  sr.s  .  Chanres  in  enemy  .--nr,  t  ran,' i  r  i .  i,  ‘  erri*  ur'-  a;. ; 
quasirarticle  relaxatir'n  ra*  es  will  b^-  ie*  ,-r;v :  ruF  .  -r  rr»r.':  Ziw. 

Recent  Publications; 

None 


"10-1000,  University  of  Califcrnia,  Eerkeley,  ■■ 

Electromagnetic  Faiiatior.  by  FerriconTuc'^  or-t-arr ; 

Functions,"  F.I.  -  Professor  T.  Van  Fucer,  ■-  '■ 

The  current-vcltare  characteristics  of  suto-c  t,  :  :  F.r  ;v ;  't- 
type  tunnel  .iuncticns  containinr  silicon  Varri-u','  ■'  vor-yim 
thicknesses  and  dopiny  profiles  will  be  rtuiiei.  vc  : 

circuit  model  of  the  semiconductor  barrier  will  b*-  ;'‘-o  ; 
usinr  tliree  series-connected  shunt  circu:*r  *•  •  !.<■ 

uuasiparticle  and  displacement  currents.  Proyresr :  Z.'ev. 

Recf’n*  Publications: 


w 


,•  \':e  .ii  •''rra.;lic:.  a:.:  ::catttr  c eiectr',n.a.'r.«;t;.':  va-.-th 

:v  a  '  veh'e  t;  er:ai;le  cfclc\.lati'n  cf  tha  raaiat'':.  rr'.T.e!'*;i 

■  ar.tenra  ai'rayj  r  f  ar.teana  j  incort,' rat:  .lie.ectr:' 

.  T  a:  vel^  ini:  +:.»  ra  ;a.r  rei'leati’::  ana  nJ-n  re:i';r."fr  .'r  :;: 

iielectri?  The  arprcach  :a  t:  exran:  the  as  an  :ntt/ 

rlan'^-  vaves  vith  :'iola  r.atchirn;  at  the  iielectric  sarr'aae  an  a 
a  pair  .  ;aa',;pied  I'uncti'nal  equaticna  :'  r  the  spectral  ier.ci'y  '’anc: 
A  sciatiTi  is  obtained  ly  rr.atchir.y  the  sir.f'ularities  in  the  ■.'anrti 
equaticr;.',  (•io'ii.y  a  i'ar.ily  c  i'  poles  an'i  tranci:  cuts.  'Ihe  i?-:terral 
equations  vill  be  solve::  usinr  well  known  teciiniquen  sue};  as  steere.'" 
descent  t;,  extract  tl:e  leading  terr.s  a:'  spec.ilar  reflect  i  -  r; ,  iitfra?: 
fields,  shad' V  bcunaary  field,  ani  -utera:  waves,  thus  riviru*  1  'h  a 


n::n;er:ca.  s^^u-^ion  anu  pr'.ys 
:  r  0  s  r  e  s  s  :  . .  o-'w 


:0'iT  reta*  i  - :: 


*.  r.  e 


:'n'.- 


-  fntki  nr— hnson  ''r  .  ,  lal: 
an  :  f  ur}f'  :  lucr  ::trip  Transn;:  ssion  : 
•hl.-f.  ?}rowTje. 


;  r.  para*  ;  n 
■■t  r:  1  i  r  ,d  rt. 


the  .io'Cti  _f  thin  stu  :y  is  tc-  perf  rr.  a  tho' rot  ical  ani  axperinent 
analysi.”  ■  f  prf^i'iai-ati  on  f-ri  sinflc  an-i  C'Oipjed  .T.icrc.'ncr]^:  I  rannn.i  s  r  i  ‘ 
l-iner.  or.  an  ai.i  r  'tro  (:i  c  sul::trate  such  as  hr  r'-n  r'.itri  ie,  lea  iinr  t  “  t; 
aeo;irr.  <  *'  a  10  dl  directio-nal  coupler.  A  tlie^retica]  anaiy.'- i ^  i’  pr  q- 
.a,-atirr.  i:;  .oinrle  anu  oouj  lo  :  microstrij  trans.ini  ssi'"  n  iir.rr  ■  r.  a  ;  ui - 
ntrate  witi.  ai. i ;u  tri;]'ic  uieiectric  coonstant  ici;  an  i  v  r.  nit’'i  ie  vil: 

hr  To-r^’f  r::o':  .silt;'  o  oryx,  i  our-::  r'oel  .'.o'  tt;e  i  !'  o'  r.r;,*  n  ,  or.  :  w;  '  . 

ii.rlude  orviiy:;r  -f  trie  :  i  :rt  err; : -rn  reiatj-ns,  iir.o  i::ii  :o:  ,  r-.r.  : 

}  n::es.  An  ftir::sr.  ■*  r.r '  r-ot ;  oi,  i  Jo;- in;  ‘V;’  a  hjo  a.ito;  ; 

Of  ;r.]fr  wiii  lo  t'ay  ;•  i  •  — +  e  :  ,  ano  oxpei’i;::'-;  +  o  ,  ra-anui'to  .o'.*- y-,'  : 
if  fv  r. !  rr’.  *  :.*■  t 'ru’'  rru  j  .''.'i  y  .or.a  i  vr  1  n  .  ;  r’' t'r'f-:';' :  }}ov. 
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iiUiCi.Uii’iti  Bl-ANK-iiOT  FI 


r  /.t  'v  \  :y':  r':  I 


1  y  r.t'-r'. 


;  *i!.':!y’  i'".'.  t  ".''chr.  i 'TK-r  1 

th<'  rc^*- *:  !  :•' -i  ’  fT- f  o  :.c  ' : . 

t,  ;  i  :;r  ;!(•’ Ifr'r  o 

■n  an--’*'  '  r..' ;  i ;  n.* ,  :  r:  :  rirt :  cu2  :ir  ,  ti.e  ipter- 
.e  ■  v  V  ';r.  '.'•■''ie.' .  T!:'"-  f’rpoupncv 


if’.er.  .  . 


any  Vparvati  r.  a:'.-'’.*’  1  r..' 1  a  i ;  nr  ,  :  r:  rart  i  c'.;2  ar  ,  ti.e  iete."- 
r;:nati‘n  >■ ;'  the  :’-c-22  at  the  r;y;  ■  v  2  aniarie.'.  Tiif'  frequency 

rc.’i'.ar  uifi'rncti  r.  hq.'  arer' u:'”.'  •■-.r.  ;  r-'r.’! -i  r.  ■'!  :.,i  *  cviir.icrp  in  fTTr.'wale 
i;i  n  i-y  P  t  ►'.’".at  i  c  .’’.aniy’!'  ani  *  ne  ■’  rr.'.Iat;  r. ,  w'r.ic'r.  ir  va]  2  i  fr  r  anv 
chrprvati:r.  anyie  was  c ‘'ir.r  .a  r’e  :  w:*;.  '  r  reruite  were-  a*;-'. 

Itriinei  fer  the  lii  f!'rac'‘'e  ;  ’'’e':  :  a*  *!'.•'  ca'.:;"'' i  cr  . 


hi-:  -'l-tht,  hr-’W!:  hr.lvi--:-;- :  •*  y  ,  ; 
f’li  :<=  1  It'ie  in  :2a:.ar  Fei’ritr  ! 
f.M.  r.:lle,  i;0002  ^  . 


■  V  ;  :  <^r : rhera  .  r  iarr- 

a  ie  i  iitir  ructure?"  ,  ; 


Trie  rui’t' ;.ne  (f  tiii?  pr-  rra::.  is  t‘ ■  -ieve’.'ir  the  tho'ry  if  edre  ruiue; 
rr'de  r  rcparat  i*' r.  in  ‘’errite  !■  ace-;  waverui'-ier. ,  which  v:  2  1  hea  i  t  ;c  ir,. 
iesi.rri  cf  r:;icri -strip  devices  such  as  isriators,  phase  shifters,  cir¬ 
culators  and  distrihuted  uni -ii  recti  rnal  iricrowave  amplifiers.  Protctype 
devices  utilinr.r  the  edre  puiiied  n;nde  have  heen  huilt  and  are  charuc- 
terizod  by  e.xtrerr.ely  wide  hand  perfomiance  which  may  he  ’;sef\il  far  hirh 
■data  rate  cr  spread  spectrum  •  ".uni  cations  ,  or  for  frequency  hoppinr 
or  iiirh  resolution  radars.  In  it  n  basic  understar.dinr  I'd'  +his  r.^de 
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is  lacking';.  The  propaRaticn  chai-s-teristics  cT  the  .  v.-e-st  ^r-ier 
edpe  puided  r:odes  will  be'  detei'ci r-'d  'T-'r  can  i.icf:’  rtruct.-;res  ^1 
increasing  con.rlexity  ’asinr  interivT  e-quati'  r:  at;;  r-..  j.-  ::.at  c;-;.; 
techniques.  Prepress  :  iJunericai  s  ititianr  *'  *1*  ui  r:  ;  on 

relations  for  surface  nodes  on  die  i-ctric-ferrite-  inter fac^s  have 
been  developed.  Cornparison  with  tt.<  experi.f.e.nta  i  resa’tr  ;•  t;.i- 
edre  puided  node  shows  sinlj-ar  chara.-t  ori  st  i  cs  .  ”  -r  r  uter  t  r  rrtifr 
were  develcped  for  the  surface  node  wider,  wii.  1  lec  'r.e  at.  ;;.t>.  'ra; 
part  of  the  more  complex  prorrairis  requ.lred  to  tinalyc.e  the  >■  :re 
puidea  r.ode. 

Recent  Publications: 

Ik'T.e 

h”;  i71-06S,  University  of  Colorado,  Sk’Ulder,  Colorado,  "rTectr.  - 
rr.apnetic  ousceptitility  Study  of  Metallic  Knclo.sure.s  anu  Plc-otr.i.io 
Circuits",  P.I.-D.C.  Chang,  t:000l!t-TC'- '-''>112 . 

This  program  w'ill  investigate,  theoret.l  .ily,  tiie  electrnn.apnet ic 
penetration  into  apertured  cylindrical  e: .losures  of  circular 
cross-section.  Two  types  of  plane  wave  pi  r.otration  schene  vii.i 
be  considered,  one  with  the  wave  incident  br  ad.side  to  the  cylinder, 
and  the  other  with  the  wave  normally  incident  uifn  the  end  c.f  the 
enclosure.  Tr.  addition,  a  theoretical  stuuy  will  le  nude  cf  the 
conuitiens  f c r  the  existence  of  low-attenuation ,  substrate-attached 
m.odes  in  electronic  circuits  and  transmission  structures.  T'lie 
excitation  and  propagation  characteristics  ot'  such  m.odes  will  alsio 
he  investigated.  Progress :  Mew. 

Recent  T'ublicaticns : 

I.'one 

MR  R7I-O89,  University  of  California,  l.os  Angeles,  "Prcqiagat  icti 

'Characteristics  of  Arbitrarily-.fhaped  Dielectric  V.'avcrui  des"  ,  P.I.- 
C.W.  Yeh,  I.’000I2-76-C-0321. 

Finite  elemient  techniaues  will  he  used  to  rl'tain  the  j'ropnrat  i  ^  1: 
characteristics  of  electromagnetic  waves  airing  dielectric  guiiirir 
structures  whose  cores  m.aybe  of  arbitrary  cr<.,ss-secti  onal  nluipe  nnii 
whose  material  media  maybe  inhomogeneous  in  more  than  i  r.e  tiuinsvf.TSf 
direction.  The  proposed  methridology  will  be  applier;  to  severnl 
im.portant  problems  dealiru'  with  piractica.l  optical  filer  rT  iritegrntei; 
optical  wavegumies  whose  cr<  .s;:-sect i onal  index  o.f  refract  ii'i:  iii'lril  u 
tion  maybe  quite  arlitrtiry.  Pr'igrosr. :  An  efficiet;t  r'.'-i;;-!  C',;rpu1 
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the  .:ispersicn  characteristi c=  and  Poyntini 
rai’eally  stratified  fibers  usinr  "'nly  '•  x 
};as  teen  develrped. 

h:eeer.t  }'ub]  ications: 


‘‘lux  distributir.r.  t'?’ 
•  r.atrix  cperati^ns 


-.■ne 

hT-  roiytechnic  Institute  of  hev  York,  Brooklyn,  f.  Y .  , 

"iaji;  V.'ave  I  r 'jparat  i  c-n  thr.oup;ki- ?urbulr-nt  I'-.nizen  '-'eli-i'',  - 

Y.  .'■.'arcuvit:; ,  YOOCl  Y-7r-''-0.]’''’o. 

>  !■'  rarat  i ''n  throurh  r;(^r;-l  inear'  ano/oT-  urn'. ;  'n*-;!;;  I.' 

i .’.vestirat eu .  The  reneral  techniques  leinr  uev*-',  ye:  ‘r'  -Y 
t);e  wavepackets  as  quasi-particles,  and  treats  the  ir'uo.-a*  ;  r 
throufh  non-linear/turbulent  media  usinr  kiietic  eTrati'-r.s . 

Progress  :  The  areas  investigated  include  electro:;  \  ef-x.  intor.acfh  r. 
vithi  a  hackrrn.und  plasr.-i  with  veneration  cf  electron-acoustic 
waves,  v'cherent  rr- r^aration  in  a  ricn-linear  rr.edi’.c:,  v;.  rf. 

'iielectric  constant  in  a  function  of  the  Tiiear.  square  elect :-ic 
field  intensity,  wave-v;ave  interactions  excited  by  l.irh.  y  w'w 
rid  waves,  wave-matter  interactions,  and  miicrowave  ocatt erir.r 
froir.  turbulent  plasma. 


Pecet.t  F'.iblicatiors : 


T.  Attwood,  "Kicrewave  I'catterint'  from:  an  Tver  .iei.se  T'..rh'.  I  eri* 
Plasma,"  Physics  of  Fluids,  Vol .  17,  No.  C ,  June  107). . 

2.  1  .  Attwood,  "fuppressior.  of  lijnisaticn  ’.••’aves  ly  Ih.'dr'  -uvn'u.i  ■ 

T'urb'ulence ,"  Physics  of  Fluids,  Vol.  17,  Iv'.  ,  June  !Ti7^. . 

7.  !I.  Marcuvitz,  "On  the  Theory  of  Flasma  lurbuler.ee,"  J  '.rr.a', 

of  Mathematical  Physics,  Vol.  IF,  No.  (: ,  .'^une 

NB.  77I-IO8,  The  Ohio  ftate  University  ResearcVi  Foundatf  '■  :u;’.l'.i', 
Ohio,  "Fundamental  Investiration  cf  a  Hybrid  Terhniq'ie  f  r  r  (c.r'.er;.f 
Klectromarnetic  fcattererr  aroi  Antennas",  P.I.-O.A.  ''l.irTc, 

r:ooci  h-Trj-c-oiTd. 


A  hybrid  technique  of  determininp  antenna  impedance  and  ra  liai  i 
pattern  will  be  developed  by  unifying  the  method  of  mnr:er.t;'  an'; 
geometric  theory  of  diffraction.  The  method  of  mc'n.ents  te.'ar.iq.ie 
for  calculating  the  impedance  matrix  will  be  exter.ded  iy  rejara.te 


ca  .  culati.  n  the  c  intributicn  to  the  rriatrix  eleir.ents  tr'  .".  '^  he 
rf.'ir.ef  the  .'■..eth-;''!  of  iror.ents  and  reonetric  the-'r;; 

:  i  f't'rrj'.'t  i  r.  ectiv'ely  apply.  Progress  :  Mev 

r-'  ;fcr.t  f'd  lent  P'ns  : 

ht'  ne 

NR  ''"l-tCl  ,  Par  I'acViusetti'  Institrite  "t  Techno  lopy ,  Carr.hridpe, 
t'arr.,  "U 1 1  ra-!  <■  w  ‘'’requency  radio  Pirnal;",  r.I.-d.R.  Padden, 

:iq00Io-'’P-c_co.--,-7 

The  purpr  se  ‘ }'  thi;;  preertu".  i  r  t't  inver*  irate  r.at.irally  oc.  urti:,*' 
riF  radiaticr,  knew  a.r  ;:;i  c.-.  j  ul  rat  i  ■:  nc  .  Picrcpnl  .oat  i  ons  near 
the  Tch’a.r.ant'.  P‘,'r''>r.anc<’'  iat  'o*:  '•••:;-)  ran  V.e  ured  tr  detect  larrt- 
ionc-opher : i  i  rtnrhar.cer  lue  T'  pe-lar  cap  fiV^scrpti  on  (PCA), 
ru  i  ien  i cr;’’'sphe:'i c  dij'ti.rl'ar.oer  :P1I  '  ev^nt  r  ,  and.  nucleF-.r  hlart. 
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th'-  c  t.  i.c*  :  V  i  t  y  ir  te^rpera*  n;'**  .  The  e!;;--*;,  ■■ 

rrhiie  :  r  at,  irrj-e.rtant  r'actof  ir.  IT  P’  -ir.T  ri^ir./'  sjt.c»  *  ht 

ethh.h' itcreaser  vith  decrea.:;inr  ear^:.  c"  rop..rti  v:  ty  .  :  r--  t're:. 

A  i  ly  :  electrittal  c,  r  luct  i  v;  ty  rlrnc-  :  r.  ’!<  v  .rT: 

r.-  lit.e,-  and  lew  frequency  Darr.etr-teJ  ^  or  i  .n:  ha.-  ieor.  r  :  f'. ‘■ 
A  very  t'r.  tv  urh  treatment  of  the  error  ai.a'y:  ,  r  and  the  rrecial 
:  r  ‘t  f.:r.r  •'  ''•■•ird’ i  r.  inr  r.ar.net' tel  1  url  f-  ia‘e.  ■  ' e,.'*  f- ;  fr  r  v:  o  ,y 
::rr.er:;e;  ai'.-nr  werr-  c or.:- i  iered  .  “he  eleo.o-  .-jf. ,  i 

were  ctr  t.rPy  affecteii  by  t!ie  cent  i:;er.‘ -■  o,,!...  t- ;,-f'  r. 

rtrcr.r  e  effect-rj  were  aloe  found  at  tin-  wei-t.,)-.,  .  ;  t  ; 

fr.\  :  dh  i i  "r.r  : 
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The  use  ci’  reactively  loaded  antenna  ari’ayr  tr  I'crr:.  ar.  ;  steer 
directive  beams  will  be  investigated.  The  effect  c.d'  the  {rsp-r 
choice  C;f  the  reactive  loads  in  influencing  the  frequency  !  ar. 
width  will  be  investigated.  Characteristic  rr.c.des  cf  the-  ar.ter.r.a 
structure  are  used  to  synthesize  a  desired  r.atterr. ,  r  r  t  r'ir.'. 
a  given  parameter,  and  then  to  resonate  the  current  by  rebel: ve 
loading  of  elements.  Progress :  Cood  results  have  beer,  ^talr.ej 
cn  small  reactively-loaded  linear  and  circular  array:;  f "  r  f  irr.ir.i' 
directive  beams  and  scanning  them  by  varying  the  reactive  era;;-. 

Such  arrays  have  the  following  advantages  over  cenventi ;r.a ’  rhare;- 
array  antennas:  (l)  Only  one  element  is  fed  by  the  transmitter, 
hence,  matching  the  array  to  the  transmitter  is  accompli sheu  by  a 
single  one-port  matching  network.  (?)  I)c  transmiscicn  lines  are 
connected  to  the  remaining  elements,  their  excitation  being  obtair.e: 
from  the  electromagnetic  interaction.  (3)  Control  of  the  directive 
beam  is  obtained  by  reactances  which  can  be  varied  Ly  electronic 
means.  (t+)  All  mutual  interactions  between  elements  are  acc'^'unte 
for  in  the  theory,  and  in  fact  are  necessary  for  proper  cciitroi  if 
the  array.  Techniques  for  mazimixing  endfire  gain  cf  a  linear 
array  have  been  developed.  Mathematical  techniques  for  the  anafvsir 
of  a  non-linear ly  leaded  multiport  antenna  structure  was  ceveloped, 
including  the  effect  of  imperfect  ground. 

Recent  Publications: 

1.  R.  F.  Harrington  and  J.  K.  Mantz,  "Reactively  Leaded  lirective 
Antennas",  Technical  Report  7h-6,  September  197^. 

2.  Y.  Chang  auc  R.  F.  Harrington,  "A  Surface  Formulation  for 
Characteristic  Modes  of  Material  Bodies",  Technical  Report  7v-7, 
f'Ctober  197^-. 

'.  H,  K.  Schuman  and  F.  F.  Harrington,  "A  Low  P’requency  I-xpansi'i. 
for  Characteristic  Modes  of  Conducting  Bodies",  Technical  Fepert 
75-'-,  August  1975. 


7.  P.  F.  Harrington,  R.  F.  Wallcnbui'g  anc  A.  P. .  Harvi-y,  'Tes'ign 
of  Reactively  Controlled  Antenna  Arrays",  Tecnnical  Peport  '’5--, 
feptember  1975. 


5.  <1.  Luzwick  and  I<.  F.  Harrington,  "A  '>n.T!ari  -.r  ptimira’:  i-  t. 

T'echniquec  as  Applieij  tr  r.ain  ^'ptimi zation  of  a  Feactively  l.r-aied 
Linear  Array",  T'eciini<’a;  Report  iC-]  ,  Ffd  ]0"r 


6.  T.  fahkar, 
of  jjonlinearly  !' 
VF-f',  Apr  yyff  . 


.  Weiner,  a:.;  i- .  F.  ilur  r  i  ngt  r  r.  ,  "Ar.alysir 
I.'-i  I  rt  Ar.tf-r.r.a  . 't  I'u  ■  tuve:- ”  ,  Technii-al  Pep,  rt. 
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RR  02:-01-CR,  2FA'’K  HAMA'!  T'-Ii  ?::;v:R"'KVr:riT  CDr.  H.  W.  Mullaney,  . 
6oy_2;;'],2/i  s/l('R 

IR-  I’rsiverrity  >, !'  R'-wa,  T  va  '.'ity,  T'wa,  "'"'‘"r '’a*- :  r  r 

R'-Rar  Ra-iiat  i :  r’?  ir.  Rt-ar  .'jace,  ’r.teracti^.r.f  with  the  ’•Ru'r.'-'' '  ;:r  h 
5c  I.nesrhere,  R  rTJ'ect.'  '•'■r.  r.'rxva:  ''’■'.■rrjr.'inicati  r.r,"  '  .  i  . -T  r:  :’e:' v 
R.  A.  Vat;  Alier,  RRF'OI '--Rr-'-COi  R . 

!'.r:ph.asiG  ir.  c erruscular  fatiiaticnr  trapT-ei  '  r  trar-ei er.'!  i y 

preaert  in  the  earth's  marnetic  fieJu,  and  solar,  irteri, '.ar>“*ary 
and  terrestrial  phenomena  asscciated  w'itt.  these-  rasiaticr. 

Eclar  flares,  aurorae,  reoiriarnetic  stoiT.;',  heatinr  thi- 
and  ionospheric  el'fects  o*'  particle  precipitati r n  1  ;  er.erret  i  ■  r  1 
electrons;  solar  x-rays;  very  lew  frequency  (VM''  ra;i'  thf-r -rtna 
in  the  nap;netosphere ;  radio  frequency  emissions  fr  -r,  th.e  run  ■■■!.  : 
flare  activity;  and  interactions  ^f  the  r<-lar  win-;  vi-*h.  1,1.0  ir.a-r.'- 
sphere.  hrepress :  ILAVrll-”!';-!  1  was  laur.che;  an:  ail  scier.t  i ‘‘ic  ir.- 
.strur.ents  are  operating  perfectly.  i.-tta  i.'  ic-it.r  takof.  r  *  ;.• 
enerretic  particle,  electric  arsi  r.ru-t.etic  fiel  :  exper ir-.et.tr  a:.; 
rciuce.:  to  &  prelir.ir.ary  master  s''ie.>.co  data  tare  in  rea;  li.c.f-. 
The  entire  data  acquisition  an;  reiucti-r.  s.y.'ter.  ic  I'ettinr  .0  t-'w 
standard  for  the  efficient  and  rapid  trandlinr  c R'  data  fi-r.r.  a  satf 
hrellnir.ary  papers  on  the  scienti''ic  recult.c  of  these  experiment;- 
in  the  polar  cusp  region  of  the  marr.etosphere  have  teen  reported. 

Recent  F’ublications : 

1.  E.  T.  Rarris  and  R.  A..  V.an  Allen,  "Fffectr,  of  Interplanetary 
.Rhock  Waves  on  Enerretic  '"har/'en  Particles",  ■■  .  Geophys .  Pe.'^ .  , 
79,  ia57-’;171,  197L. 
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"P  -P'-COt'',  Ur;ivercity  cf  Calif'.rnia,  I.<  r  Anrelf-s, 

"  '..T.rr.ui.ioati.Mis  :  Mar:. eP' ■spheric  Mubstcrii.s"  , 

McFherrot. ,  liOCOl  ■'.-t'9-A-CM00-;.0:6  . 

'iruind  ai:d  satellite  niagnetic  field  data  will  le 
paran:eters  of  r.Ofiels  of  field  alip-ned  current.-  •  h'  rr 

phase  c  f  a  substorr:..  Studies  ^f  substcrrr.  ^;a(-'!.^•f  1  o  :*r'  .rial: 
will  continue.  This  work  includes  in’.prove.-.en*  o  i:,  .r  :■  i  : . 
o-arnetic  r.appinr  procedures,  irr.prover.ents  in  the  i  arjuor'teri  r.a*  i 
substorx  rrowth  and  expansion  phases,  an  !  •;]  p  1  i ’h-'O-- 
ir.provei  procedures  to  a  larpe  set  cf  ccn.puter  i  .le.-.t  i  e  :  o.if. 
expans icir.E .  An  atter.pt  will  be  r.ade  to  deterr.ir.f  -whiT  r.f-.nr.'  r 

pai'tial  rir.fC  current  development  prece'les  .'na.p.,-.-  :t-  f-xra:..  ; 

an.i  how-  frequently  a  major  expansion  causes  furtl'.er  rinr  c.rre;,- 
er-.hancerr.ent  iurinr  the  expansion  phase.  Prepress :  .■*  '.;lec  , 

•■■round  and  satellite  signatures  of  multiple  or. set  r-*-  rmu'  h'u- 

sh 'wc.  that  the  near  earth  plasma  sheet  thins  pri>,  r  t  r..''e-:  ‘'-Ic  w-f 
ly  a  rapid  expans i^rr.  in  response  to  each  onset  while  i  r.  rlo'-u.* 

tail  the  pl.asrr.a  sh.eet  thins  fcllcvinp  the  first  r.sfc‘  ar.  :  <'-xt,  an  is 

nly  after  the  las*  of  a  sequeiice  ■  f  onsets. 

l;ecent  P'ubl  icatirns  : 


1.  I'ussell,  C.  1.,  MePherror; 
cause  ■.!  geomagnetic  st^orms". 


,  ?.L.  an:  hurt.t:,  l-.P. 
f  .  deoTd'.ys  .  .'•''es  .  ,  '’9  ( 


.'lauer,  I’.E.  ar:d  MePherron,  P.h.,  "Mapping  the  l-.'cal  time- 
••■ersal  time  devel opr.ent  of  marneto-spheric  s'ubstorm.s  at  mil- 
ituies",  J.  Te^:phys.  hes .  '^0  (1«),  PSll, 


'lauer,  '.P.  and  McP’nou'ror. ,  •-..I.,  "Variability  of  m.id-latitude 
m.agnetic  parar.eters  used  to  characterized  magnetospheric  substenns", 
A.  Geophys.  Res.  79  (19),  2698,  197i-. 


Mjrninr,  T-.T.  ,  MePherr^or. ,  F’.I.  and  Aacksen ,  D.P., 
f  linear  iru.’erce  the'.^r-y  to  a  simple  cui-rent  mode]  -f 
cpher-i-c  s'd  stc.irm  exiar.si  n",  A.  'leop'nys .  Pes.,  79  (  '■• 


"Applicati-r. 
the  ::.a(-i:et'- 
>  <  •  '  > 


I.  'aan,  M.’!.,  M^-rhorrrn,  l.h.  and 

I I. ‘ e;-f  :  ane* 'try  r.arnotic  I'ieh;  elMV-d 
'.  dr-'T'hyS-  Hes.,  ‘'C  ^l),  ;A.l,  lO'-U 


i'usse.  1 , 


"r-ilist '.cm  i-.r.  ; 
tai" 
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L..c>;.ee  i  Talc  Altc  Research  Lah ,  laic  Alt',,  I'al  .  , 
"'.'•■c.vy  Rnvir.  nr.eat ;  Mapnetc-Ionospheric  Plasrr.a"  ,  P.I.-Dr. 

R.P.  Aheiley,  POOOl A_75_C-C099 . 

Tl.e  experiment  is  an  energetic  i&n  mass  spectrorr.eter  ar.l  a  r.alti- 
ehau'.ei  electrcn  spectrometer  which  imeasures  lov-enerf:y  ions  and 
elections  in  the  range  from,  a  fraction  of  a  keV  to  about  iO  keV . 
i  r.e  .::pp  irtunity  to  use  heaxy  icr.s  as  tracers  to  probe  mass  and 
ch.ar.ge- dependent  r.agnetospheric  processes  will  furnish  a  new 
technique  tc  study  the  still  unknown  nechanisris  responsible  for 
the  energization  and  transport  of  r.agnetospheric  plasrr.a.  A 
."leasurenent  with  higher  sensitivity  and  better  mass  resolution 
will  be  performed  and  extended  to  energy  ranges  net  covered  in 
tl.e  previous  experim.ent .  The  possibility  also  now  exists  of  per- 
f'Orrr'.ing  active  experiments  in  cctrdination  with  chemical  releases 
planned  by  RTA,  '.'.ASA,  and  the  Max -Planck  Institute  cf  Terr.ar.y. 

? rogress :  Conc-tructicn  of  instrument  is  proceeding  according 
to  schedule. 

i-b  cent  Fublications  : 


.'.'R  3-13-0.31,  Cornell  University,  Ithaca,  Mew  York,  "Ccrjr.unicatior.s : 
Electrostatic  V.’aves",  P.I.-Dr.  M.C.  Kelley,  KOOOII4-75-C-O780 . 

A  vector  electric  field  measurement  has  been  designed  and  built 
tc  be  flo-Vr-n  on  an  Air  Force  satellite  P3-3  expected  to  be  launched 
this  year.  The  launch  into  a  polar  orbit  with  an  apogee  of  5000 
iT.iles  will  enable  vector  electric  field  measurements  in  a  pre¬ 
viously  unexplored  region.  This  launch  is  part  of  the  DoD  TTF 
I'light  74-1.  Progress :  Electric  field  data  from  satelite  observa¬ 
tions  has  revealed  an  isotropic  electric  field  vector  at  4C0  km 
in  the  high  latitude  regions  which  is  not  coincident  as  had  been 
previously  reported  by  others.  The  region  of  this  truhulent  electric 
field  is  in  good  agreement  with  that  of  ionospheric  plasma  turbulence 
as  deduced  from  scintillation  of  radio  stars  and  measurements  of 
srread  F.  An  additional  mode,  not  electrostatic,  is  due  tc  the 
electric  component  cf  an  electromagnetic  wave  giving  an  observed 
emission  of  ELF  hiss.  Observations  of  intense  low-frequencey 
electric  field  fluctuation  near  the  magnetic  equator  are  correlated 
with  spread  F  at  equatorial  ground  stations  suggest  ionospihere 
electric  fielj  turbulence  is  caused  by  same  instability  responsible 
i.n  the  high  Mt'.  itude  case. 
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:’;ece'Tit  !'ub2  icaticns : 

"■'..K .  ison,  Kelley,  "Ihe  I'erri-erciture  (Iraiier.t  i  rl 

rr:;:taMliTy  at  the  l-^auatorwarh  i-.lre  : the  heric  •  ;  aa::  a 

I  tt';;.-:;;"  ,  r.  )e>  r).yr>.  }-ec.  (i.a  rrera’'. 

■;}'  SK<-0v-,  McDonnell  Dcnitlas  Astrcnauticn  fo'.,  iiur.t  i  r. 

Da;.,  "Do:.’x:nijicatior;s ;  Quantitative  nicbal  Meuel  ‘‘  T'-r.  ai’.er 
Klecti-an  Density",  P.T.-M.P.  Clson,  UOOOl  ;^-TD-':-OrKl  . 

A  quantitative  n.odel ,  global  in  extent,  vill  be  develoried  + 
na’elict  ionospheric  electron  density  usinp  rior.i to'red  -lata  *'r  u:. 
.•-ro'U'.J  stations  and  satellite  systems  such  as  DCLRAD  and  i  AMD . 
Dclar  electroir.ap-netic  fliuxes,  fluxes  of  charred  particle.^  ir.tf 
the  ionosphere  will  be  used  to  input  this  mcie.  Prorresr : 

'.’.■.-rk  is  prOf_;ress inp  on  schedule. 

iecer’.t  Publications : 


Ml  ;h"'-Cyt,  Dtan:'ord  Klectrcnics  habcratcr-y,  Dtanfcrd,  C'al .  , 
".'omr.’ur.icatior.s  .  VLF/PLP'  Propapaticn  L'l'fects"  ,  P .  1 . -rrcfesso  r 
i-.A.  IKelliwell,  :;000ll‘-67-A-01l;?-0012 . 

1''  study  the  effects  of  wave-induced  particle  precipitation  on. 
VLF/ELF  propajfaticn  in  the  earth-ionosphere  vaveruide,  availaVle 
experi.me.ntal  data  on  whistler-induced  perturbations  will  be  user, 
to  develop  a  physical  model  of  the  perturbation.  From  this 
physical  model  an  electrical  m.cdel  will  be  derived  tc  explain 
the  observed  perturbations  (up  to  6db)  in  VI,F/KLF  sipnal  strerirth. . 

A  model  of  m.af.netospheric  duct  preparation  will  ais<;  be  level .Di'ed . 
I'his  model  will  be  used  to  predict  the  wlii stl er-mx  de  fiel into-:. sit 
at  a  riven  ground  observation  point  from,  a  fiver,  transm.itter . 
Progress :  Artificially  stimulated  VLF  em.issions  (AFF)  are  trigrere 
in  the  magnetosphere  by  whistler  mode  signals  from,  transmitters. 
These  emissions  miay  be  separated  into  two  classes,  risinr  ni;l 
falling  in  frequencey.  Several  hundred  AD.F  liave  b'ee:i  ana'. y.’o.;  ly 
r'ast  P'ourier  transform.  Averages  taken  '-ver  m.any  events  in  mloate 
that  both  rising  and  falling,  tones  show  the  stune  ii.i+.ial  leha.vi  r. 
The  emissions  begin  at  the  frequency  of  the  trigrering  s :  ,'T.a,  1 
.'•atf.er  than  at  an  offset  frequency.  !-ot}i  t  :ne;'  ir.it  i.ally  j'ise  in 
f  roquenc;/- .  falling  tones  reversing  sle.-pe  at  a  rodr.t.  ih',  :■>  ,  ve 

♦b.p  triggering  signal  . 


PHYSICAI;  ELECTPOKICS 


45 


l-’K'ji-  aLAiMK-i*OT  FI 


l-O.'-C'l  ,  P?;y:;I':AL  PLEf  .ho:;  ir-;-  (Or.  Havi  -  H.  -erry,  .  OH- 


!Ih  ,  IH!'!  T.  J.  Watson  Research  ''enter,  ''Klectronic  .'tructure 

an  i  Troterties  uf  the  Oxides  of  Tetrahedral  Ceniccr.ductorc  , i  .  I.  - 
Hr.  .'C'crates  ."'atitel  ides ,  "0C0llt-7^-C- 

The  oxides  of  the  tetrahedral  semiconductors  (i'iOy,  Oe'.'y ,  an  i 

the  A'-'-'H-tyi-'e  oxides  of  the  AP-tvye  compound  semiconductors ,  e.r., 
AlPOl. ,  GaAsOT ,  etc.)  are  important  technolot3ical  materials  used 
widely  in  the  fabrication  of  electron  devices.  Their  cryst’il 
structures  are  generally  complicate’,  an-i  the  overall  symam.e:  ry  is  lev 
s'o  tti<at  theoretical  studies  of  the  prcpertic.s  of  these  materiair 
tiavo  heeri  very  limited  in  scope.  In  this  program,  a  tr.e' rrc  leal 
iiives :  if'at  ion  of  the  properties  o’'  t’lese  materiair.  will  bt.'  arriei 
ut  using  I'Ot,;.  conventional  an;l  newly- developed  techniques.,  raidi'- 
lariv  suite'.’  to  Che  situation  and  explcitira'  cur.),  lem.entary  asye  .'t r. 
f  *.i(  :t-bindinr  pseu-dopctential  methois,.  This  invest  igat  ii.ri  will 
ir.cL'uie  tin  energy  bands,  x-ray  photoer.i  sr.  i  on  sf -.t  ...ea ,  st.’ i-'nl  'ibs-r 
’  i  r.  sq.  •■•ct,  ra,  x-ray  emission  and  absorp:  ion  ,'.p‘-etra,  dielectric 
’''U'i..-t !  ons ,  effective  charges,  elastic  coiistunt  s, ,  stability  ,f 
."t. I'uctures ,  lieats  of  formation,  the  electruni.c  structure'  an  i 
iyti-i;r.icr;  of  defect  ;.,  an'’.  sur‘'ace  an'i  it'-t'-rface  at  cs.  I  regres.'  :  i.'t 


'I’s-OO-;,  i-rown  !!rii  vers  i  ty  ,  "i-ixi-cr  imetital  ar.  :  T’leoref  :  cai  Invest  i- 
'at  i '.r.  of  t.i'.e  Iraruty'Oi’l  iropertie;'  of  femicc.r. duct  i  ng  furface  Invessi 
,ayers,"  F.l.  -  :'r.  rhilti-  Htiler;,  DOOf  1 1-?'-''- 


sis.  tir' .r'T"ur.  wi  i investigate  b'Ctb  exper  imer.‘ al  iy  ar. 


;  •  iita  i  i  ■ '  u  i , 

.rc‘  ing  ■'  s  . 


he  rhyrri'ss  charge  transper’  in  .''.impeur,  !  .'f.r.i a. '.us'  i  ng  ruri'a'i 
Ih"  firirt  exf'/ri  nenta]  apr  r  ae},  will  !•  *  i  ‘  a  i  s  r  ■  :  irn'U.a'  r- 

r;  i'ict sr  irit  er fa'-'-s  and  cxt  I  -.j  ,v,  m.'  . 

,  :g  e;i  ii  !  t  '  diara" '  ‘  'r  i  ;:e  *  i.,.  rr.a*  e  s  i  ■.  i  ,  :  hy i  ’  r  ,  at,  :  *  e.-hi..  b  , '  i  -a  . 
r  i  es  .  .  i.'  i  !.v<, :  i  rat  .  rr  will  ascr-r*  a  i  r,  •  ;.•  t  p.  ■.  i  -a  i  0 

,f  m-r,' ■  ;  a  :  ;  ar'a-re*  .-rs  ,  'h--  sirir'i'-  ['arti.-b  :'i.--'rur,,  :-,ariy-l'  iy  • 

II.  ;  ss'd...  i  ri' erM'aees  ■*  .  -is'er'aiT;  wha‘  r'-le  s'*  jiararo  ;s  ;  i  ay 

r.  ’ai.'  ’h'lr't'e  ’r'a:,..'!.'  i"  .  It  is  ’h'-ir  iij*'':ri  .n  m  arriv  a’  a 
•  ■■■  i  1  ‘  i  ■  '  ‘  •  S'  ’  i  . -  a  ;  b '.S' >■ ;  1  ‘  ■  I:  f  t  ■  ‘  t.  ■ ' l.ar r  - ■  '  !'ai,s!  r’  'c .  :  ; 

a*  :  a  ia  'a'  ir-fa-'.  ai.  i  .■''r-.I  ■  :  ri'-'  rs  .  if  'rsia  a  : 


48 


UR  372-C25,  University  of  Colorado,  "Heterojunction  Contacts  for 
Transferred  Electron  Devices,"  P.I.  -  Dr.  Russell  Hayes,  HOOClU- 
'I5-C-0U12 

Controlled  heterojunct ion  contact  barriers  will  be  prepared  by  rrovt! 
of  quaternary  lattice-matched  layers  of  (In,  Ga)  (As,P)  solid 
solutions  on  indium  phosphide.  By  varying  the  constituency  of  the 
quaternary  compound,  it  will  be  possible  to  vary  the  heterojunct ion 
barrier  height  continuously,  and  thus  to  determine  its  effect  on  the 
performance  of  transferred  electron  devices  in  indium  phosphide. 
Lattice  matching  is  important  to  minimize  defect  states  at  the 
heterojunction  interface.  Theoretical  analysis  will  accompany  the 
experiments  to  provide  a  sound  scientific  basis  for  a  rational 
heterojunct ion  technology.  Progress :  InGaAsP  layers  have  been 
grown  on  InP  with  composition  that  are  approximately  lattice  matched 
to  the  InP  and  with  a  band  gap  in  the  1.35-1.37  eV  range.  The 
layers  were  compensated  n-type  with  a  net  donor  concentration  of 
IxlO^'^/cc  and  an  electron  mobility  of  2250  cm^/V-sec.  Fhotol'ami- 
nei.ejence  studies  indicate  a  Zn  or  Cd  acceptor  is  present. 


UR  372-026,  California  Institute  of  Technology,  "Condensation  of 
Injected  Electrons  and  Holes  in  Semiconductors,"  P.I.  -  Dr.  Thomas 

McGill,  NOOOII-75-C-OU23 

A  comprehensive  experimental  program  will  study  the  condensation 
of  the  electron-hole  gas  injected  in  semiconductor  double  injc^ction 
devices  at  low  temperatures.  Emphasis  will  be  placed  on  studyinc 
the  electrical  device  double  injection  process  at  low  ter,)  erai  ur'-;' 
and  its  interaction  with  condensate  will  be  developed.  1  rogrer:;  : 
Electrically  injecteil  carriers  at  low  temperatures  may  be  fc.uni  as 
fre->  electrons  and  holes,  as  excitonic  pairs,  as  bound  excitsuis. , 
or  a;  an  el  ectron-hole  condensed  liquid.  „This  latter  [hasp  i  ■'  a 
hiri.  dpnsjity  [:hase  containing  about  3x10^  7cm'  in  sili  '  t,.  c-jurit 
[lay  an  irr.)"jrtant  rile  in  determining  which  stal.e  the  carriers  ari- 
in  and  the  time  decay  of  the  nonequi  1  ibriura  'listribution.  iU.eotri" 
fields  have  been  shown  to  affect  ti;e  population  iynfimics  of  tii-' 
.’■irious  [ihases. 

i'fs.o'nt  Edit;]  ication.o  : 


i.  V.  Marrello,  T.  F.  Lee,  R.  f  ilver,  G.  Mciiill,  atid  d  .  W. 
Mfiyr,  "■  tuidensat  i  on  s>f  Injected  Electr-jns  ai.d  iioli-s  it:  ienntin  i  ui:: , ' 
rpy.  Rev.  Let,ter:'.  J_l_,  No.  Q,  '  1 97  t'i  . 


.  Hammond,  V,  Marrello,  R.  N.  filver,  T,  Mc'Iill,  and.  .1  . 
"  V.ndens'D  i '' r.  'f  injf.s’ti’i  El  ta’t  p.  ji:-  tni'l  l■■■;es  in  filisoti. 
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3.  V.  Marrello,  P.  B.  Hammond,  R.  N.  Pilver,  T'.  McGill,  and 
J.  W.  Mayer,  "Electron  Hole  Condensate  Radiation  from  Ge  Double 
Injection  Devices  Between  1.5°  and  h.2°K,"  Phys.  Letters  47A ,  3, 
237-238  (I97i+). 

NR  372-035,  Stanford  University,  "Control  of  Impurities  in  the 
E^Jitaxial  Growth  of  High  Quality  GaAs,"  P.I.  -  Pr.  David  Stevenson, 

NOOOIU-75-C-O887 

The  investigators  will  analyze  the  thermal-cherr.ical  reactions  in  a 
controlled  growth  system  to  determine  the  source  of  iispurit ies , 
correlate  the  residual  impurity  with  gas  species,  and  modify  the 
reactions  accordingly.  Two  principal  activities  are  to  be  under¬ 
taken;  the  development  of  liquid  phase  epitaxial  growt.h  techniques 
to  control  impurities;  and  the  design  ajid  construction  of  a  iT;olecular 
beam-mass  analyzer  system  to  sample,  at  growt.h  temperatures  an: 
atmospheric  pressure,  the  gaseous  environment  irivolved  ;n  the 
chemical  transport  reactions  during  crystal  growth.  Progress :  it 
has  been  shown  that  a  major  source  of  impurities  in  the  growt.h 
GaAs  epitaxial  layers  arises  from  chemical  transscrt  reactions 
involving  the  protective  gas  atmosphere,  container  -ind  crucible 
materials  and  growth  ingredients.  In  growtt;  studies,  drai;;atic 
changes  in  layer  properties  occur  for  different  pre-j'r-i  wt.!;  anniu* :  i.,- 
conditions.  The  shallow  and  deep  levels  appear  to  be  depeiide.st  'n 
impurities  that  arise  from  chemical  I'eactions  i)et  ween  the  r.rviv'.h 
system  components.  A  model  on  th.e  attaclimeid:  at  the  .1  iqui  i- so]  i'i 
interface  has  been  developed  that  predicts  that  impurities  are 
segregated  at  the  boundaries  of  clusters  ;,if  Gn.As.  i-ot.li  n-  an; 
p-type  layers  were  produced,  dep)ending  up. on  the-  a.nnfal.  T!.e  Ira:],-!, 
and  construction  of  a  molecular  beam-mass  ana 'yru- r  i  ;■  de.sc r  i la- i 
thet  is  capable  of  analyzing  a  ga.seous  system  .'it  hirti  ton.iercG  .:>■ 
and  at  atmospheric  pressure. 

Recent  Publications; 

B.  L.  Mattes,  Yu-M,  lioung,  at;  i  G-.  I,  i 'oai'i;..  n ,  v*,!.  "S*  ; 

of  L'emi-Tnsulating  Epitaxial  GaAs",  .T.  V.ac.  .’ci.  ;  ■  .qv  i ,  . 

869  (1975). 


UR  372-055,  Princeton  University,  "'’omj.ound  f's-.i  •  n  iucf.  r  ;  u;- ''a  -es  . " 
P.I.  -  Dr.  Peter  Mark,  liOOni  14-75-0-0  in). 

Ihis  progriiir.  will  carry  liut  rcsesLrct.  ;,r,  ‘  is  ; 

balk  propierties.  ;,f  s>emi  eor/iiictrirs.  iii.at  ir.f .  uit..-"  • 

film  overlayerr;  and  .surface’  rf-ai-tic.n  Kitiiu  :  ■*  s 

loping  and  of  surf.ace  .•ry;'+ al  1  ot-rap.p  i  ■■  iril.y  ,  s 

r'wirt  osi  t  i  or;  a.t.d  surface  t  r  p  ograj.fiy  wi!^  h<-  i :  v  s‘  ira'.  E  A’s,  y  i  ' 
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will  inciule  low  enerfTy  eleotror;  1 ;  ;  .i. ,  fx  ^’>  v 

.iiectroncopy  ,  ucannitic  electron  micro;, cr-i  y  ,  '•  i;  ■.■j'-' :  v  i  ty  r,,,l 
and  eiiipoon.etric  analytic.  F rottrerc  :  I'h.-  .-y;'i 

1’  the  s'orl'ace  structure  o!'  variou;:  com;  ■  '.c.  ;  .i.-:;- i  ■■  r.  r. 

continued  by  a  Lbl.'I'  cxair.inat  Irui  of  ''df  nuri'aceo.  iron,  a  or'. 
Lhl'.i'  u^Tninetry  wialyciu,  it  has  been  ccr-.cluied  that  the 
surfaces  tetT  inate;!  with  an  i  leal  surface  ui;i*  ::.f  s.h  uiri  *  iiat 
I'irial  lattice  plane  stacirif.'  i;;  within  ' f  tne  i  real  *  err;,  in 
I’hi.',  i;-  in  ayreei.tent  with  earlier  similar  W'  rh  or.  '.'.t.  ,  rei 
tr.is  'O.irrt  ract .  lire  j'olar  srurfaces,  in  C';.r,tr-ast ,  a! wriyc 
ir.  a  tiorr-ideal  fashion.  'i’i.ey  are  either  reco.nstru.-te  i ,  f-i -e 
■overel  or  terminal  eil  with  the  irrecrrect  rrtaticnal  ;:ym.':.o- 
■ert  .airi  r  .atche;:  cf  the  surface  were  wurt  r.  i  te-conr.ecte  ;  ar.  : 
pat.ches  were  r.incb ;  ende-c  .nrieeted .  A  systemrit  ic  stu  iy 
effect  sf  r'.rsiinf.-  ionici^y  cui  the  kinetics  of  ras-.s.l  i  i  if'- 
a"  ..r'ierei  r;'or,-j.'Ol  ar  c;'t:,p  orn  i  semic'-nductc f  surf'ice;'  has  bee 
r  •  eun  -it-;  t.h«''  it;itiai  resul*s  i.ave  teen  pullisr.ed.  i'i.is  w 
.*i:T.ula‘e:  by  *  i.e  ••arlier'  resieirch.  which  rh'.  we  :  *  r.at  xyc'-i, 
a'  :• 'er-e  ;  .■ur:';i.'es  ,f  In  at.;  '.r:'  was  n.u  si  wer  •;ia:.  'na' 
in  •  h'  1  iter"b,  ore  fi-.'.r  or  iere  i  I'uri'-fCe;;  i‘  Wi.;  'i . 

r'V  •  r.e  early  work  ,f  I'ea ;  an:  ..'ol:at'  sa*  r.'  wr.  :.  we:  •;.o' 
i  jni..’i‘y  pi'v.'ei  a  iomin-ant  r  .l"  ir.  '  •  .oy  iassi-'r'  r::,a'  1 

i-ecent  Itib'i  Ic';.t  lens  : 

'iri  i  i  .  :  Ai.'i  ; 


.  r’.'!.r*K.  'ir;  i 
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’.--'-.'j;;,  t'rowr.  University,  "Transport  Properties  of  TnUa-As  f-oiii 
ii.ns  at  iiif’h  Electric  Fields,"  P.I.  -  Dr.  Maurice  'll  icksman , 
.l*-T5-C-05^l 


i  nvest.irator  will  rrieasure  the  velocity-electric  field  character- 
of  n-type  samples  of  high  quality  solid  solutions  of  Iril'i/-.'  . 
.’•ements  will  be  made  on  material  epitaxially  grown  on  laAr 
,  and  having  values  of  composition  corresponding  to  x 
a.na  0.25.  Initial  studies  will  focus  on  the  measuri^ment 
iracterintics  using  short  pulse  and  microwave  techniques. 
JtagfS,  the  focus  will  be  on  the  theoretical  analysi.s  cf 
to  determine  the  scattering  parameters  of  the  material. 

r'reliminary  measurements  cf  InGaAs  alloy  samples  indicate 
'  i.rt-shold  field  for  'lunr.  effect  increases  with  incr'uis i  r;  ’ 
ori'ior. .  Apparatus  has,  i'ccn  assembled  for  .'+udyLnr  thc 
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".hty  ,d'  I'exao  ,  "The  tynthesis  f  ".■•■f-.;  :T 
Til  i  i-fo;!  i  i  inase  Feoctions  Id  ar  fur  fa'--.- ,  " 
•lOOT^-'r-C-OUi'' 


;-.i  f  1  :  o.rf't'e  ri;’aotions  (soli.;  f.hase  epitaxy'  ma;.’  a;, 

ar.’  ;.ew  j.'ie*  :'or  realising  rea.sonabiy  i'orriri'-x  layer..-; 

•  •  ;’uot  ures  wi*;.  a  mir.im;im  of  prooessi;;,'  o'-m:  ; ''-x  i  y  .  T.'' 

ri'a-'e;;  in  tiiese  structures  fo!'mei  by  this  tec'nniq  ;<.•  may  b*- 
il  f  i'.-fe;.'  tijan  tiiose  formed  by  serial  deposi^Tn  fra.m. 

;  roi;:.-  r  gr.  \.'t  .a  f  r  Jir.  a  gas-soli:  interface.  T:;e  1  i  f  fe;-. 
err.;.  f  Impurities  an  i  lattic-  ■^ismatche;-  -T.  ‘  i.e  !  -u!! ■ 
:.-ive  o,  i i !’ !  ■:a:,t  eflT.-ct  s  on  device  perforro3.T'.-'.. ,  r>  Ti 'it  i  1  ;  ty  , 
an;  -it  i  1  it  y  of  I'abr  i  cat  i  on  .  The  n.'iir.  .b,''*- 

’  iev>.’l.e!  '1  specific  se*  of  thermc,  iynajr.i  ■■  -c 
1  r-.-m. -n*  f  .-ai'h  useful  typ..-  rf  electri  nic  r*  r  : 

;r. 'i:.  .iVerall  set  of  rules-  it.  terms  ■  f  he-f.- 


ive  f 

r... .  'Tn  i  s 
foimsit  ;  on  . 


i.-is- 1  ants ,  etc.,  for  tliin  film  grow*  n  l.-'we.r,  *wj  el'srer.'s 
:1.'.  in  additi'-;>n,  the  c  anst  r.-iint.s,  im:;;.-:  I, 

■  It: inat  ions  of  rn.-it  er  i.-i  I  s  with  radi-aTy  :if 
i  ri  a  ;e;'ini't’  -r-ier  m.-ay  w.  f  ;  .-illow  ,s  •  -  te 
r  a  i  1  jW  ;;;  re-sfesify  the;-,  in  ‘or:-. 

■.  !'.--tiiiy  -iv-i  i  ; -ibl '■  -it  i  •  '  hcrmodyr.-icr  i  ■  ■  ;:s* 'in* 

r^irc'i  ■  ! -ir-ur).* fic  svi’i'm;-  i; 

.  i  ■  ''-ritr'i'i  ’o’-e  }  in-i;';.'  ai.  :  l.(‘rnary  ;'.y:'‘ w;‘h  .-iVe; 

.rm  •‘.-..l  ,  ',  '.1.,  MTf,  ar;  ;  -  'TV  ,  e- 

••  *  ■:  :;:>•* -li  '1.1.  i  ■  -i  setn  i  cot.  ill--'  or .  i'he  ;a'‘.-r  i 
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:>  "1.  i  •  ■■  f  re.’,  j'  -nd :  t..  t.he  f- i -su'* -t !  t  in-ary  :;y;"' e.ss 

wh;  r  :  rrii  n*  a :  ia*  a  ■urreifiy  <xists  at.!  i;  i'eing  ex!  an  ;e  ; 

sr  .  ir  -gr'-:s;  i'uring  ‘tie  pas'  year,  a  to  ■  ;e ;  'f  ;•  *  t,e 
•  itsi.o-  •..'...-I'e;  in  -i  tiati’ir  Tr.ary  re,-i<-r  i  c  uie  tia  t  e.... 
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If  v>  - ;  :  -  :  Lr.  i  .i  "2  '  ’  i  :'i  ■■  ;  ubl  ir.it  i  i. .  ^  ;  •  r- ;  '  !  i.  :  i.  "r'  ! 

^r:>  1  i-utoctLc  Kr  :  :*  : 

r’t  ;cr;  •(■  -in  ir.;!;-:'  r  liMon  ;  r.  '  ’  ■.<  r;:.f .  r. 

the  r^:'  v'ry,:’ :i ;  ^  'i’lii::  i-u*  t-./t  1  ;•  •;  if 

;  "iftrfital  1  (■  .■'■••f  iroduce-;  !y.-  iai’ial  i  r. 

f  :a  aeaa  or  t-loe  it  may  be  the  e  ;\iil  i  I  ri  \u:.  yuace  far  a  i.arrfv 

i  !:t  er  !’ao  i  ui  refi.!..  'T'i'.ere  .have  leci  t..  tin-  c  .i.c  :  ioi'  r.  that  the- 
t'ir.Jt  oor;;:ciu;i  j  iiaoiieate'i  it.  s  ianar  binary  renvtb.r.  c  ittle;:  :  :t 
ti.t'  .'tioot  otablt.  conyruetit  ]y  lae.ltinf’;  comj  ■ -und  ad j :  t,'.;  the  '’.eveo' 
temperature  eutectic  ci;  the  bulk  equi  1  ilri’ii;'.  [  thacf"  ..  ‘~i  treait. 

irary  atialysis  of  tiie  initial  formation  ir.  binary  -  t.  coitpler 

ourrU.'at.r.  ttiat  tlie  otabiJity  of  proper .ly  ttreqa-tred  i rr  •  :'-'.oei-' ,  ai;u  ruh' 

juetit  nucleation  phaoes,  is  dependent  or  the  as-iet'.  '-*  :  •  .tnce.htra- 

t  i'-'t:  profile.  The  invest ifators  proix^se  that,  the  .(  v-.  •  >  nerry 
state  of  tile  interface  system  is  possibly  an  iirr..;  rs  i.c,,:  i  s  ,  ’  i  ; 

Witt:  tl’.e  lowest  eutectic  concentration.  ft  is  I'.pecul:;'-  .  tl;e 

stud'ility  of  this  Inlerftice  is  relate.:  to  its  wi  ;*[.  arc  ■.•w  :  tiai-es 
are  nucleated  ;.t  temper.atures  where  1 -irre  fa*  i  .  ••• 

are  (generated  by  the  onset  of  chemicti!  ■■act  i  enr  *  ia  ;■  tai'i'.'. 

iii-i  ^Tf-OTT,  California  Institute  of  Te-clinolory ,  1  .i  i  ilia:'-'.-  Irita.yi 

drovth,"  P.I.  -  br.  Marc  Cicolet,  rJOO'Olb-TS-h-COi. 

Tiie  'nroa:.i  objective  cf  the  program  in  ■*  o  investira*  e  the  t-isi- 
processes  whicii  control  this  form  of  -’pit.axial  rrow^.ii.  it  Ir  pr'C-por. 
to  study:  (l)  ercwt,li  kinetics,  (?)  t.he  role  of  tlie  met-al  layer, 

(  ■.  )  incorporation  of  dopant  atoms,  and  (P)  correla*  icn  wit!:  repn wt,!. 
of  implanted  amorphou:;  layei'G  and  cons  iiicrat  ion  ■.f  other  rubstra'’er 
;.;uc'n  as  Ce  or  GaAit.  A  second,  task  will  furtlier  invent  iya'e  t '■■.(  r.et  a. 
r.ilioor.  interface  and  iissolution  arri  prowtii  I'oact  i  wiiich  t.ake 
filace  at  this  interface.  Measureminitr  will  be  maih;  on  the  veloi'itie 
of  iissolution  and/or  yrowtli  proceedinr  simul  taneoui-ly  it,  nev'.’ral 
crystal  directions.  A  third,  new  ttisk  will  invcstir.ate  tlie  *.l'fects. 
of  hiph  dose  rate  arui  hifth  d.ont'  effects  c^n  ion  imp]  at:l<at,  i  i  n  ot,  th.e 
prewth.  of  the  epitaxi,al  layers.  Progress :  Durinr  the  lard  year, 
bacKscatteri  ng  spectrometry  aT;d  scannin/'  fleet  ron  mit'rtv.copy  (i'K!-') 
h.ave  been  used  to  study  the  tr.ansjiort  ■  f  Ci  from  an  amorphou:^  Ci 
lay-.T  (<  1  um )  through  a  Pd-silicide  layer  onti:  <'!n0'.>  c.riont.e:  :'i. 

a  riven  annealing  t  emporriture ,  tw"  !::-,'inct  scares  1'  ’hi.-  |r  a- 
hav<’  been  cb.nerved.  The  init  iai  tranr-i'-td  I't.are  .d.arl,'.  with  iriar:; 
r,r<.’w-*,t;  of  ;'d  and  ends  wit,!,  'i  uniform  la.yer  ■•-’*'■  Ci  ■  ■:!  t  hr-  s-ih;-'  ra’ >  . 
The  thickness  of  the  ini*  i -a  i  transir-nt  si -ire  is  !■  und  to  V'O  ei-.i.a! 
t,o  t.hr-  thicknes.n  of  the  i  i-s  i  1  ieiile  lays  r.  Tin  :-e'a'n  i  stape  'U 
rr  will  is  ehar.arteri  r,e  !  ly  a  i  i  near  t  if'-  iei  eii  dets'e  whicti  i -  -lo-,- 
slower  than  the  trarsuen*.  s'-are.  Aurer  ele,-tron  s.p-ect.roscopy  ■  -i 
ostribl  i  s.hed  that  carbon  i .-.  pr»'S,ent,  ;  i.  'he  I'd  :'i  'iri  i  t.he  ■■’..or;  ,  u:'  . 
layers,  proliabl;/  ar  i  s  i  nr  '’ta  a:  the  c.arl  ■  cii'le  of  the  eva,:  r-d  ,  ; 

syst.em.  These  carhou;  i:: :  nr  i  *  iec.  may  ;•  r>'lafei  '  t.e  va-i-i'  ,  >  s  :: 

r  rowt  h  rat  e  ■  d. serve  :  1  e*  w'-  ‘-i.  :  i  ffe :■>■•.*  '-'n.s  .  ;  ■■o- .  :■  s  '■'■ 

r  i  .-e  *  r  row*  t.  *.  i.a*  M-  s  i  *  •■  *  i  ve  ;  y  .  .  -  ;  :  -i  *  ■  :  .  ,  .  ■:  .  *  •  s  -  -  '  ■  ■ 
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ti'an.'ient  ilaf'e  i;-  ’c-;';;  distinct.  Invest  igati  on.s  of  intent  ioi. a] 
dopin,';  of  the  grown  layers  has  begun. 

fecent  Publicat  ions : 

J.  C.  r'cCaldit.,  "Atom  Kover.ents  occurring  at  solid  ir.etal- 
aeti-icondiictoi'  interfaces,”  Journal  Vacuum  Science  and  Technology 
11,  99C  (i?Tl?. 


I.  H.  .Vulier,  V.  K.  C}-u,  J.  Gjuilai,  J.  W.  Kayer ,  W.  Sigmon, 

and  T.  K.  Cass,  "Crystal  orientation  dependence  of  residual  disorde 
in  As-iradantcd  Si,"  Applied  Physics  Letters  2^,  29?  (l9T5). 

5.  C.  Canali,  S.  V.  Campisan,  S.  S.  Lau,  Z.  L.  Liau,  and  J.  W. 
M'iV'-r,  "Solid-phase  epitaxial  growth  of  Si  through  palladium- 
siii.'i  if  layers,"  Journal  of  Applied  Physics  2831  (19”';). 

■t .  J.  S.  ’test  and  J.  0.  McCaldin,  "Si-Al  Interface  Shapes  Develcj.e 
during  heating  of  integrated  circuits,"  Journal  of  Applied  Physics 

II. ,  ICTl  (1975). 


NR  372-087,  I^aval  Surface  Weapons  Center,  "High  Field  Transport  in 
Ternary  Alloy  Semiconductors,"  P.I.  -  Dr.  Gary  Carver 


This  progra-r.  will  study  the  transport  properties  of  the  semiconduct 
alloy  systes:  (Pb,  Sn)  Te  in  strong  electric  fields.  This  material 
finding  extensive  application  in  8-li»  micrometer  wavelength  range 
imaging  devices,  but  little  is  known  about  the  transport  properties 
The  thrusi  of  the  effort  will  be  to  determine  the  saturated  drift 
velocity  investigate  whether  dynamic  instabilities,  related  t,.' 
bulk  negat ;  .  t  f ;  •’'i’erential  conductivity,  may  be  initiated  in  this 
alloy  syste-v.  ih-v.cmenologically ,  the  Pbp_xGnxTe  alloys  are  a  riel: 
system.  The  “  f  t  '-"alley  band  structure,  the  evidence  for  siibsiliri 


minima  in  Lot:  ' 
of  strong  noni  vr:'  - 
scattering  ir.ter-- 
for  new  physios  'c 
velocity  as  a  funt 
samples  of  n-PbTe 
between  1  an  ^  x 


induction  and  valence  bands,  and  the  possibilit; 
roserties  fhuc  to  electric  f iel  !  dependent  rh.  ni 
’C.te-c.t  ia'i  s  all  point  toward  fertile  groiin  i 
"oved  J.evi'-es.  Progress :  The  electrvii 

i  r;  seve?' 

'nievh.'rr- 


■f  electric  field  has  been  measur. 
saturated  value  was  founi  +  I- 


;0 


K.  The 


.  .'C, 


1  , .  C  t  S‘ 


■rC 


'1 


rion-negl  igit  J  e  and  a;-, 
i’rel  iminary  observatL.-:  ; 
in  s.'unples  v*'  IT'Te  and 
near  to  2  x  IJ'  cm/sec. 


mii.-rometers  in  length,  f 


travel  toward  the  anode. 


vudied  to  redu:'e  *h>'  aiiceri  a  ; y  , 
hign-field  domaii,  f.cm’cii:  C)  'f.n:'  -'vs 
The  domains  iroi  a,--;*.'  w !  ‘ ■:  v. 
sim.ains  appear  *c  be  s..  v.-rvl  '.  ii.-.Sf 
V  ''r  t.he  cathoJ.e,  ai:  1  ji''''iy  -i: 
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'.'T:  5'(’;’-095,  Colorado  Ctate  University,  "Compound  Semiconductor 
Jurt'aces  and  Interfaces,"  P.I.  -  Dr.  Carl  Wilmsen,  !;OOOl4-76- 
C-03B7 

Insulators  on  InP,  InSb,  and  InAs  will  be  investigated  for  their 
electrical  and  mechanical  properties  and  for  low  surface  state 
densities.  Several  analytical  techniques,  such  as  Auger  electron 
spectroscopy,  F.SCA,  capacitance-voltage,  and  capacitance-conduc¬ 
tance  measurements  will  be  utilized  to  study  the  interface  properti 
to  obtain  a  correlation  between  surface  state  properties  and  chem.ic 
composition.  Theoretical  calculations  of  siirface  oxidation  energie 
as  a  function  of  position  and  coverage  will  also  be  carried  out. 
Initial  studies  will  focus  on  a  double  layer  insulator  with  an  anod 
oxide  overlaid  with  a  sputtered  oxide,  such  as  silicon  dioxide. 
Progress :  New 


NR  372-096,  Naval  Research  Laboratory,  "Solid  Phase  Rpitaxial  Studi 
Using  Molecular  Beam  Deposition  Techniques,"  F.I.  -  Dr.  John  Duvey 

Solid-solid  surface  reactions  (solid  phase  epitaxy)  may  offer  a:, 
important  new  method  for  realizing  reasonably  complex  layered  devic 
structures  with  a  minimum  of  processing  complexity.  ONR  has  recent 
begun  a  coordinated  program  to  investigate  the  physical  properties 
these  interactions  in  several  universities  and  industry.  V.Tiile 
striking  recrystallization  effects  have  been  seen,  evaporation  of 
the  amorphous  silicon  has  disadvantages.  Similarly,  growth  of 
single  crystal  silicon  by  molecular  beam  epitaxy  (vacuum  evapcratic 
at  low  temperatures  has  been  singularly  unsuccessful.  Preliminary 
studies  at  NRL  indicate  that  by  placing  a  metal  layer  on  t.he  silicc 
substrate  and  heating  to  6OO  C  during  evaporation,  thus  combining 
.solid-phase-epitaxy  with  molecular  beam  epitaxy,  single  crystal 
silicon  can  be  grown,  a  result  that  could  be  an  important  stride 
forwai'd  in  semiconductor  technology.  This  program  will  cc'ntinue  t!i 
investigations.  Progress :  New 

NR  37.''-097 ,  Yeshiva  University,  "Piezo-Optical  Ifeterm  inat  ii. .f 
Peformiation  Potentials  in  Multi-Valleyed  Pemicondurtf'rs  , "  ;  .  I.  - 
hr.  Fred  F'ollak,  NOOOlh-Tb-C-OUBl 

An  investigation  of  the  stress-dependence  of  the  op.tical  abrc'rit:.:: 
will  be  carried  out  in  several  Ill-V  semi  conduct' rs .  Wnvelcngil. 
n’.oduLate<i  transmission  and  reflection  will  i'e  utilized,  t  m.orissre 
brtl;  indirect  and  direct  tran.sitions  from  valence  tr  conductii  s. 
h'!.;,'i.  f''rr,m  the  t.ransit,  icn  rates  arsl  the  s.cattering  pri  cesses,  the 
abs>',lute  valut's,  for  *  he  ei  ect  ron-pPieneii  and,  l'.--j  h'  n- r.  i'd  'rr,:-.*  i'  : 
p'dc'ntialn  for  int'.TVal  ley  prooeLU'u  s  e.-u:  tie  determine!,  i  r-  c’~,.  ■  •; 


'in.:,  :;ooc:ii--Tf 


;iverL',it.;;  ,  "  InveKtipaticri 

’ i. u 'i V  f  I’-tii'iciii  .  c' tj t?ri  n/' , 
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A  oi'  intervalley  scattei’irie  raecl^aiils!:;^-  'i: 

rar.'j ;  or*  propi-rtior  of  Tiiult  i-voilA  ey  seTnicnno.'.io' 
,f  to.tr'o-  }  ;ira.o:ef  ers  would  assist  in  the  evai  u:A 
o  ni  ioiors  f.or  npj  licati^-'ns  in  new  semiccnduct  - ' 
nately,  ♦  h.e  o:.Iy  infornation  on  tliese  paraoieter; 
:A'-:'r.  ' !  rarr'i'crt  ealoulations  themselves.  Tt'. 

ietc-nr.ine  these  parair.oters  thrcUf'i. 
voohnipue.  :\’'sor;an'*:  one-phonon  and  mult  Iphcr.-ii 
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krovle 
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iata  on  the 


O'.  1 ; . 


Lnter-ban;  ‘  ra 
:.a,  for  inoerv;; 


;-ctron-p,}.:,r..-!, 

'.sitions  between  non-eiuiivale:. 
."alley  transitii.'n-o  between  oor: 
for  eleotron  .:i!.e-pho'n ;n  interact ior.s  at  th'.-  con 
band  mrix  ir.a ,  a:.d  for  electron  "w  -riionon  ir.-^era 
ro'ixima.  Arooj'ess:  tew 


^f^rnia  Institute  of  I'eclinrl  .-y,  .i 
-  hr.  larver  A.  t!..-ad  ,  fJOOOl - 1- ' 

:veot. i.-at  es  the  opt  imi  sat  ic:. ,  "P  'A  ;  :'  ; 
ii'  tech:. dory,  ,^f  new  archi  ■:  o-ct 
roct:'0cors.  An  irhCftrated  c::'co'i:  la'to 
'■f  '.mi  ;ue  architecture  and  uotuu  .'a; 'd  i 
A:  .:y;:tem  is  based  upon  a  dio*‘rih:r:'^  ;  r 
i  ac'ivitier  cf  C'Omj'utatii  at..: 
ori.'  rt.'iule  iias  been  comple’'.-:  -in: 

"A  .'-i:'  .  Pt'iis  ievie..  rives  the 
■o"  i  i  oal  ,  ar.d  oencTai  pur;,:-- 

r  !.  .’hi;  has  ado  been  made  uera'i 


..  r.  *  f 


:  a:  r '. 
it:'  f  ■  r 


1  'ut ; 'ti 


a. 


;:iver:;i*p'  of  renn:'ylvat;ia,  "'’ry.  ' ai  "i. 

'It  e:' i  al  r  , "  !.T.  -  ;  A;:;'-:.  "A  .o 

tts  oi"  Id::!  ,  inua:  and  in  All  w:  d  d  v 
■i.t.  !  ini  ,  respec*  i ve i y  ,  bot.h  in  .u,  i  ; 

'■M-ic.s.  ■'bcerv.a'^  i r.r,  s.lices  will 


ty  'M'''";'.::  t. :  c  r^  ooeij  y  lual  ity  and  c  ry  s  •  i  i  ;  r.t'  'doir';"  > 

f  '  :o  fiittr:.  f  particular  interest  is  dirb  o.;,,  -  . 

I'r  Irir  of  t.he  subs  t  r.ate-epi  t  ax  i  a  .  Aiy-  r  in' erf-:  - 

‘A’.f  .d  i  f  the  form.ation  anti  l.ehavior  of  t.i;,-  ..-.nt  i 

'arri"i  u*  w  i  ‘  'he  aim  of  contr'  I1inr  their  'ien;' i  ‘  y  ,  ir.  ere 

I'^;e  mi. cati  .n  structures  in  convetit  i  -  t.a  i  1  y  rien*"' 
'■'.A. A  -ir.  ;  inla.A.  !:eter' ..tunot,  t  ,-n;-  wi-re  studio;  )y  I'ft^  • 

■  O  ■  '  -  .  i  :  ■  1  :  .  f r  i  rif'ei.r'e  and  did  oral i  '  *  i . 

'irit  'A  .t.it.'i'  A  A’  'du-  iec.  i  r.'i'n  i .  *  iefet't  .of  r  ;o' in.  ■  or''- 
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■i.r-'  :  ar.'‘ 


'ir. 


'air-;  ■al.-- i  iy  ■  ■  :\*ra  :  a '  a;! ;  nr  , Ai  ta  .  a';;;i'a:, 


.  'r?a‘’.r  ‘.in  i  A,  A'lnr,  '  rT’aAt*  ;  A‘’a*  :i;r— "'/t  '  .'.’a'*  *  r'.'  — 

rarrirr  I  iot'a'lrr  wirh  .'ryiral  '.'i.anra'.  V;av"ra !  !<- ,  ”  A:;.  Aay.-. 

Lett .  ,  Vcl.  A':,  pv-  ■'-A-'''-:,  A-uie  :  ■A''’—. 

10.  C.  0.  I’senr,  Aa  Aote:'.,  an  i  A.  V.'anr,  "  Tt  i  -al  !'en  ij  <'ii.  ;  i-inrr 
Fahr  i  cateO  1\v  Freferential  KtcKinr,”  Apia  .  FLyr .  T;Ct~  .  ,  Vc"  .  A(  , 
pp.  non-eoi,' June  15  (10-7:,). 

11.  W.  T.  Tsanp’  anl  A.  V.’anr.,  "I  xperiir.en*.  a.  A^udier,  ..'A  Fhotorer: 
'IratinjD  ,"  Wave  I’A.oct  r-an  .  c  r ,  Vol  .  pp  ■'a_o:  ,  July  (l^TS). 


'I!'.  OOO-OA',' ,  i  >1  yti.-rn:;  L a  Innlit.u;* 
for  Interr’ale:  )pt  i:'al  ircuii.', 
■f3_C_0!iAl 


I  ^irf  reru:. 

Ar.  '"heo  7'ijr.ir,  ICIA'A 


Ji.'tioal  vaveruidefi  wliiel;  leak  enoriji'  (but  d:  n'-tt  iitu'inate  it  by 
absorption  Cir  rontterd  nr '  are  aJ.npted  ar  oriujler:;  between  interra*e 
circuit  el  erier.t.s  or  as  beain  fomierG.  'Ahanr''':-  in  rui  thickitecc  .  r 
moJ.ulated  rrat  inr  structures  are  studie'i  as  t.he  mecbrininir;  t;'  produc 
the  desired  bear',  behavior.  Frorress :  Th<'  p'crturba'  ion  .ap'proacb. 
bias  been  highly  successful  in  providinr  brir'aiy  accurate  results  for 
the  analysis  of  wave  phenomena  on  dielectric  rrat  inrs.  'I’he  work  ar. 
results,  obtained  durinj  the  past  half-year  peri.c:  ir.cluAie  tiie 
formulation  of  solutions  for  treatinr  Ty-moie  problem:'.,  which  are 
more  complicated  than  those  of  TF  modes  ii;:;cusse.i  in  the  pa;'!.,  the' 
development  of  equivalent  networks,  wlrich  rr'^atly  facilitate  the 
umierstand inr  of  the  physical  mecinanlsm  inv  .ive-l  i  i;  the  pui  linr 
and  scattering  of  waves  by  dielcctri.c  r.rat  in.-T  ,  the  .ieri  v.at,  i  on  'f 
leaky-wave  di.spersion  curves  for  use  in  beam-coupl  er  appl  i  ca.t  i  one  , 
and  tdte  development  of  sy:'.tematie  critr-ri'i  f. or  tiie  df’sirn  of 
dielectric  rratinrs  havinr  de:iir.alile  id'.ysic-;;  ciiarai't  er  i  ;',t  i  c;'. . 

I'ecent  ihrhl  i  cations; 


1.  A.  T.  Fenr  and  T.  Tamir,  "pi  rent  i  on.al  llasinr  W,',ver  Auidel  b 
Asymmetric  Pielectric  Gratinr;",  ■''ptie:'  f.omr..,  Vol.  11,  pi'.  .'lO' -.'.'"J 
Aurust  IOTA. 
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2.  A.  Saad ,  H.  L.  Bertoni  and  T.  Tamir,  "Beam  fcattering  by  'ionuniform 
Leaky-Wave  Structures,"  Proc.  IEEE,  Vol.  62,  (Special  Issue  on  Rays 
and  Beams),  pp.  1552-1561;  November  197^. 

3.  S.  T.  Peng  and  T.  Tamir,  "Effect  of  Groove  Profile  on  the 
PerformaVice  of  Dielectric  Grating  Couplers,"  Proc.  Syir.p.  Optical 
and  Acoustical  Micro-Electronics,  Polytechnic  Press,  pp.  377-392, 

1975. 

U.  3.  T.  Peng,  T.  Tamir  and  H.  L.  Bertoni,  "Theory  of  Periodic 
Dielectric  Waveguides",  IEEE  Trans.  Microwave  Theory  and  Techniques 
(Special  Issue  on  Integrated  Optics  and  Optical  Waveguides),  Vol. 
f-frT-23,  pp.  123-133;  January  1975. 

5.  K.  Handa,  2.  T.  Peng  and  T.  Tamir,  "improved  Ferturt  tion  Analysis 
of  Dielectric  Gratings",  Appl .  Physics,  Vol.  5,  pp .  325- 

January  1975. 

6.  S.  T.  Peng  and  T.  Tamir,  "TM-Mode  Perturbntic  Ar.alys  '.f 
Dielectric  Gratings",  App.  Phys.,  Vol.  6,  pp.  35-:  .  May  1G7‘;  . 

7.  T.  Tamir  (Editor),  "Integrated  Optics",  Springer-Verlap , 

New  York,  Heidelberg,  Berlin;  1975. 


NR  009-017,  Rensselaer  Polytechnic  Institute,  "Optical  Peal  Time 
Signal  Processors  Using  Surface  Rayleigh  Waves,"  F.T.  -  Dr. 

PankaJ  Das,  NOO0li4-75-C-O772 

The  interaction  of  acoustic  surface  waves  and  integrated  optical 
waves  will  be  studied  for  signal  processor  applications.  Two 
acoustic  surface  waves  can  be  correlated  through  the  acousto¬ 
optic  interaction  with  the  correlation  signal  appearing  in  tlie 
diffracted  optical  signal.  The  application  of  this  to  correlator;-, 
modulators,  and  filters  will  be  investigated.  The  use  of  acoinstic 
surface  waves  for  determining  the  surface  properties  of  semicon¬ 
ductors  will  be  investigated.  Progress :  Signal  proces.sing  functions, 
such  as  convolution  correlation,  and  Fourier  transform  have  been 
obtained  in  real-time  using  the  efficient  diffraction  of  laser 
light  from  acoustic  surface  waves  propagating  on  litiiium  niobnte. 
Different  device  conf ig\irationr.  and  detection  schemes  have  been 
considered.  Results  were  found  for  the  usual  delay-line  transducer 
configuration,  as  well  an  for  an  improved  scheme  wh.icl;  eliminates 
the  problem  of  tiie  reflection  signal.  A  discussion  wa;-  giver, 
indicating  the  cxtens.ion  of  the  aonuctoopt  i  cal  convolver  :  ■  t  lie 
generation  of  amhiguit.y  funet.io.ns,  and  the  eorrelat.ion  .  a  light 
amplitude  di  ntr  il  u*  i  r  n  with  an  acoustic  s.i.gtial. 
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Recent  Publications; 

1.  P.  Das,  M.  E.  Motamedi,  and  R.  T.  Webster,  "Determination  of 
Semiconductor  Surface  Properties  Using  Surface  Acoustic  Vfeves", 
Applied  Physics  Letters  27_,  120  (1975)- 

2.  H.  Bilboa,  M.  E.  Motamedi,  and  P.  Das,  "Study  of  GaAs  Epitaxial 
Layer  Using  the  Separated  Medium  Acoustoelectric  Effect”,  in  Proc . 
19T9  Ultrasonics  Symposium. 

3.  M.  E.  Motamedi,  R.  T.  Webster,  and  P.  Das,  "Application  of  SAW 
Delay  Line  Attenuation  and  Transverse  Acoustoelectric  Voltage  for 
Determination  of  Semiconductor  Surface  Properties",  in  Proceedings 
1979  Ultrasonics  Symposium. 

H.  Gilboa,  M.  E.  Motamedi,  and  F.  Das,  "Determination  of  Energy 
Band  and  Surface  State  Locations  in  GaAs  Using  tVie  fieparated 
Medium  Surface  Acoustoelectric  Effect",  Applied  Physics  Letters  7 , 
6i4l  (1975). 


NR  009-018,  University  of  Texas,  "Multiple  and/or  Inhomogeneous 
Layers  for  Integrated  Optical  Coupling  and  Modvilation , "  P.T.  - 
Dr.  Bruce  Buckman,  rJ000l4-75-C-0753 

Large,  permanent  refractive  index  changes  are  obtainable  in  rnl;, 
films  in  the  red  and  infrared  portions  of  the  spectrxm  when  tliesc 
films  are  subjected  to  nm  Ar  laser  radiation  at  film  tomper.'g  ;.a' 
around  l65  Celsius.  Several  novel  coupling  and  modul<ali cn  devices, 
which  are  feasible  only  when  a  refractive  index  grating  formatioi: 
mechanism  such  as  this  is  possible,  will  be  investigated  analyi  i 
and  evaluated  experimentally.  Progress :  A  matrix  method  for  -a.',  cu 
dating  the  effective  refractive  index  of  gu’ided  modes  on  mult  ii  ■:■■■■;■ 
dielectric  waveguides  was  developed  and  employed  tc  calc;Ll.atf.  ‘m- 
efi’ective  electrooptic  coefficient  of  sue!;  waveguide  struct  irco  w:..- 
one  of  the  media  composing  them  is  electrooptic.  If:  properly 
specified  three-layer  waveguides,  enhancement  of  the  ('ffective 
electrooptic  coefficient  above  the  bulk  value  by  as  much  as  a 
far't  or  equal  to  tiie  square  of  the  hirhf  st.  refractive  Lr.dox  ;r.  tie- 
structure  is  possible.  The  maximum  me  hula;  i  o.i,  enisc'.cerient  is 
att.alnable  with  loosely,  as  well  as  tightly,  o.-uj  waverin';.-'  g;',  i 

iiecent  Publications: 

1.  A.  P.  I'uckman  and  N.  ii.  Hong,  "l.arfu?  i-iefi':!.'-!  ive- In dex  ii. 

il'i;-:  i'ilmS;  by  Idiotrd  ys  i  s  ■‘U-  1  LO-l  o.qf’”  ^  .lournai  ■'!  *  he  ptiioal  oi" 
of  America  Glh  (lUTU). 
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1.  Annual  FroyrecG  Report  dated  Fepten’.ber  197S  —  "llieori-' 
I'eai'cn. ,  tor  I'uper-Velocity  Femiconducti  >r£"  ,  I'..  A.  Little.john 
J.  R.  iiauser. 

2.  M.  A.  Littlejohn,  2.  R.  iiauser,  T.  H.  Glisuon,  ".'ior;te  ' 
Calculation  of  the  Yelocity-Fiela  Relationchij  for  laili'ur. 
A.pplied  Rhys.  Letters. 

i.  J.  E.  Aindrews  and  M.  A.  Littlejchti,  "ilro’rftli  of  Gad  Thin 
from  TriethylgalliiiE!  Monamine'',  Journal  of  Elect rocheir.icai 

h.  J.  E.  Andrews  and  M.  A.  Littli'John,  "Mass  Cpectroscoi  ic 
of  Gaii  Films",  (A  write-up-). 


r 


■  '  ,  :iortr*  JurL-lina  Jtate  ilinvc='rGity ,  'Electrical  ■  rc: ’.‘-rt 

1.::  i:'.;  ; -int  ei  Ealliu:!.  ArG(;niie",  i  .1.  -  M.  Littlejohn, 


-'ho  c  Lh.  oi  witi.  t:;',-  rrcceGG  of  ion  implant  inr  ra-1 

arooi.i.ie  (hah.;'  vl*,;.  i u:' it  ii-o  aro^  nc;y  unlerctood.  Li.c  oit'o-c* 
l!;;plar.t:it  io ir..ioooi  cLruetural  fci-mations  have  net  been 

i r:v‘,  ;:t irat .  r  vii;  une  techniques  such  as  transmi sr  ion  elo''*  >■ 
c;i  j;..:!',  Au-'or  electrot;  spectroscopy  (MiJ),  p!.ct..lur;i 

i.-  t  j' i.  ca  i.  measurement  teciiniques  tc  c;.arr--'t--ri  .a-  ;  m 

:  :  imj  -anted  layers  ::t:  GaAs.  hult'ur,  beryl  ]  ia::. .  macf 

.  -t,  a’i.1  sine.'  vili  be  implanted  utider  varic'us  c'niiticr.; 

‘  .  er'a' :.u'e  ariit  hlutUice.  t'everal  p.rotectinp  encapsul  a;,  inr  layer; 

will  be  a:  (.lied  and  annealinr  cyclau'  carrit'd  cut.  Itir 

r  oral  i  i.  !t.  rmat  ior.  i'r -m  i'LL  will  be  cc-r  re- 1  at  i-d  with  ci.et.ical 
'Ao.hi  an-l  with  tne  electrical  measureitent.  data.  i  rorreos : 
!'ie'i.v,ire!:'.f’nt:'.  iuive  oiiowi-  t!vt  a  second  idiase  netal  1  ui'r i cal  rtru;'*; 
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;■  V  i  irrijuri^y  aij!  u  :.-huinoi-euecu.-  iclV./'  i  iJi---  • 

:  f  I  '  ^ry  'a..,;..-!  *  :.i.'  1  r-it.:;!  ■.  r:  ai:';  rvio  t.e:' ; 

.u- vary  in  jive  ana  neera  to  be  :  i i  ‘  cat  b.n  J  :  a  ,  '•■■■■■.' 

alna'cra,  or  interstitial  ciustera.  Teahn inuer  ar.-  a 

.:eva':  :a.'i  a:.!  yrovi.ie  bt'fer  i  ;e:.t  i  ;'i  cat  i  ■  n  *'  r  ‘n--.  •■. 

at.-;'  a"  ribii-jf’ruphy  : 

aar.,  bittiejuhn,  -'at',  anJ  .'arin,  ".'oi:.e  .'ea  :  :  bav-  i' 
la..;  a:,  Arsenide  Annealed  Alter  I::.:-:  ar;tat  i  a:;  w:*;.  ,  ■' 

:  :.y.d  'S  !;etter;-:,  .-'7,  '  9 


(tic:;;  ;,ala  rat-  rieS,  id':',  n' ‘  Ifaa', 

r  t'icr.'wave  ievi.'e::",  :  -  d.  Ir.!.;:: 

I 

I  tia-o  I'et  leal  model  iiif'  proyiaur:  has  been  levt.'li.ipe.i  tt  .'ima'  a**-. 

{.  i.enor:.ena  in  trariEferred  electron  d.evi.-es  rucl,  ar,  ',uni. 

I  ar;,;  i-ield  iil'lect  Transistors  (Fi’T).  It  iias  been  I'.iicw;.  rr.-vi' 

ti.a.t  .;tatic  field  models  of  si;cb.  'ievices  aia-  in-aoeo,u.a*  .ad 

::.a:;y  .f  tlie  {'henomenologi  cal  result.'.  d  i'.e  it;Ve;:t  i  ,  'w  !  •  d  'a 

j  ;ia;'  ieVeloi.'ed  a  ’'uynan'iic  ''atho.de  i-C'.nriar.v  ’-'ie-in  tr.'.-lel  v:.  .  a.;-  a 

I  cbar.yind'  field  conditions  at  the  catht.de.  Tb.ir  i:;t  .iei  It.-r. 

j  .;uccessful  in  explaining  many  device  features.  The  m.,  ;el  w:  ;  ;  It, 

applied  to  three  terminal  (FET)  devices  to  determir.e  offe.'tr 
time  v.arying  cathode  ccnditions,  ■:  f  rt-'c-l  >  r;s  r  tit,'>'>it  i 
bi  ;  ;*y  uiaier  the  gate  Ct  r.tact  ,  ,  i'  varl'  cf  r;*  acl  [ 
ll'O'r;":'  heigh*;;,  ■tiriO  -■'f  ex*  t'-rr,;;  i  :  afct.  *>■!■;' . 

!.'■  exjlji'ei  which  'ire  j  e:'*  i  nr-nt  '■  device  ?■:■;;  e;"0!,i''r.‘ a  ■;*  ’ ‘o 
d'lval.  iu'.-fOirch  hah.,  ra*  ;  ry .  '1  i'ai;;;*'.'r:'e  :  elei'‘r-r'  !:.;,■■■  w':v.  ic'.  ; 

'i:''-  ;';:.a;rir  increa;;.,'!  ar-.j'e  in  ele'tr.ri:  '  rr.  1  c  r.  wa.ve  vy;*.-:';  t 
!'  'c:.;  ;  ;  f  i  I 'I':;  ar.  i  f  -r  r-.'ur  .  :  i' ;  rr.a  ;■  i  1  y  rfslii'ii'.  ar-, 

ha  *  ;  i  i  a;:.  p:i  a.;;  h  i  it,'  i ;;  f  i  i;  :  i  nr'  wi  i  'r  ■;;  ;  1  i  ch'  i  n  :ae  *  ;  ’ 

•.  1  -;,i  i  ;.,.y  .  a  V’  ,  *  li'-  ■  if  ■  V  1  'e  !  a  rar  "  'w 


Id'  ;lt;ited  Technt.'i 

ar.  ;  'ir'.'iiit  or.  ;len;icott Juct;; 


wi'*.:.  a  variably 


3er  s*r\irture3  in  gall  i 
e  will  invystigatP  the 
orn  ly  pretarinr  levi-^f- 
ian.n  l:i  al  iai  3e:-yi;-r.i-;  i' 
are  epia-vxy  wi:.j.  be  lev 
nr  ciianiiei,  lanorn.  "’he 

i  hi 'i  Vit-ii  c'r.'K.-jKiS  i  s  C-'T.  no 

t h r e s : i ■: > i. d  c u r r e nt  d en s 


a  wavet^iia':  atiu  t:*e  -/-.u’.. 

'j OP t'l'i c i €*ri t  c'T  Tra t. . 
o:'  ga]li\i!:;  an.;  al-rr;: rvii’: 
r  action  witrn...ut.  ch:’Sfc  ' 

tibl  an'i  tranoverEe  type; 
sity,  better  tenineratnrf 
cel  G'aJ-.a  tecnsnclogy ,  an: 
small  absorpt  icn .  F'rog; 
1  ly  anl  ext'erimentally  ’ 
lit!  arseriile  and  galliict 
pi'' -pert i es  of  distrit’n.f 
s  wi*,!:  surface  cu'ruga': 
n.  A  i.ev  t  echni  cuc:  f  • 
s'l'pe.:  tc  evaluate  :‘s  ' 
•liotr feedbacr; 
le  wavelengt,};  f 

ity  will  be  invest  1  rate-. 


'!  i  el,c-'  o  ‘.he  'tap  ;  f  i -P- 
c  .1)11  Cell  btiveruj  u.-;.'  .  1 


1-  ,  I'tii y  c;'  C'aliforr.ia  ur 
"■i..’:-  A;:;;  :  i  ;  er:;"  ,  I'.I.  -  C.  ToW;e.' ,  i;  "!■  A)k  ^-'Z'  - 

,:_:j  J^■;:y  1.;  iire;’to-:  t,..va:’d  t;;e  evol':*.!  :. 

vil;.  I'aiaiou^ar  ercphacic  yiv<j:.  ;  ■.■ 

I  ;  :  :u.  :  ii^t  eraive  ^aructure  ir.  t;.o  ..:avl‘y 

,  ‘luiauility  ar.  i  sensitivity  s:'  siasers  t,'i-erat  lay  ‘ 

-  AI  i;::ctLV  wavei en(:t>;  reyioi.  aj’e  ietensine  i  .  i:;;:  r 

v.es'-ase  per iornuiico  ai.i  tc  decrease  site  an;  ocitplexl’y  ar’e 
: sw/s:  i rated.  Aevelocrrient  of  a  siiperconaiictiny  slow-wace  s: 
v:;i  ie  accoriplished  to  attain  lower  losses  and  hence  hirh  r 
.  wer  i'iatip  power,  and.  shorter  wavelength,  irogress :  ':ii-? 

in  sysierr.  noise  to  very  low  figures  has  pierititted  r.eusurer:.e:. 
: ."St  ell  ar  and  galactic  sources  not  possible  i.u'evi  ,jus ly  ;  ; 
.;ons It ivity  and  shorter  observing  times.  Tiiey  have  i:.sren.:<' 
tur..'.i'cility  around  the  15  Gh's  central  I'requency  to  :A;.  -i  ". 
are  developing  a  superconduct  itig  slow  wave  structure  wL'  n  ;> 
'irc'.iit  losses.  The  slow  wave  structiire-  permits  (Teater  :.c:.p 
•- i  ar.d  thus  smaller  simpler  systems.  There  has  .;>'w  bec-n  : 
t'-Tm;  operation  of  maser  amplifiers  operated  In  conjunct  i  w 
■  foot  antenna  at  the  iiat  Greek  Observatt-ry  of  the  '.d.iversi 
.'alifornia  and  with  the  65  loot  antenna  .a'  the  h'aval  i-er,i.''.aj'c 
i  :ii,'orat ory .  There  have  been  continuing  in;prover.ient ::  i;.  the.; 
.;o'otems  to  increase  tunability  and  baird.wicth  to  re  iuce  syste 
.jom.e  simpjlif icaticns  and  reduction  in  size.  Tome  .iesL('i. 
is  being  done  to  produce  two  high,  stability  masers  for  uia:-  i 
..'.ratial  interferometer  system  for  twin  antennas  at  liat  'reek 
bsei-vtitory .  A  technique  for  using  a  slow  wave  superc<. ;;  iucl 
s.tructure  has  been  deiTionstrated  and  is  being  incorporate.;  in 
maser  timplifi.er.  There  have  been  many  observations,  using  t 
ex'-remely  l.iw  rs:  ise  amplifiers,  of  intcrstelasr  a'ld  g-ilactlc 
.ihowing  th>.'  abunlancec  of  a  variety  of  mciocular  sys*  . 

:■•'■co!lt  i'ubiications: 

.A  A.  Mango,  K.  J.  Johnston,  M.  F.  Ghui,  A.  .  Ghoang,  a 
:  .  Mgsakis,  "Molecule  Geai'ches  in  Gomet  nolu'Ut.ok  (lovt:’') 

'  dor'  wave  i’requencies"  ,  Ic.arus  59'^-ho!.  ,  LU’,’,'.  . 

:  .  M.  hert.ogo,  M.  F.  Chui ,  and  C.  ii.  Towtuo;,  "!sot,.:de  Abut, 
an  1  TiK.ir  Vari.at  ions  within  the  Galru-’.v'' ,  ;'t'[Fk'’;.g  V.  '.. 
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jii  L' r'll '••i'  l.v  1:a‘  i  l;  1  I'l'-.-'V*  L  '  i' .  .• 

"ho  lo'oo'trat  i  r  I. ,  de^o;- it  t  i*. 


ao..o:r:irlished  iri  ar:  ultra  liitzh  vai/u’.at  I'ysttn.  to  avoii  r.t  :.r:.  i  r.ar 
i  erri,;  t  ior;s  .  i’he  crystal  cilicon-pallatiun;  film-aitcrphour  tiii’cr. 
cycter:  vac  ucosl.  ‘teasuren.ent c  show  that  palliun;  ic  ircort  ^rat t  i 
i;.  the  epitaxial  layer  after  (.'h'cwtr. ,  the  aino’cr.t  iependinp  cr  ':he 
cube  t  rate  orier.taticn.  Further,  ir.  the  siliciiie  fcjitat  ior.  ctace 
the  .'  lyhi  layer  on  L'i(lll)  is  r.ore  strongly  criented  to  tl;e  subs' rat 
than  ;'d,-i2i  cn  the  i'i(p0o}  face.  L.cw  terr.pe  nature ,  slow  grev’th  rate, 
soli:  phase  epitaxy  offers  f_;reat  tu'onise  fornakinr  ultra  thin 
electrically  active  layers  witli  sharp-  interfaces.  The  impact  or. 
device  teohnei-opy  could  be  very  gi-eat.  There  is  expectation  th.at 
these  studies  will  also  contribute  to  ur.derstar.dinp  of  ct'r.er  reiate-: 
ircblertc  in  device  teclinology,  sucit  as,  itetalliuat icii  processec., 
silieile  forrr.atior: ,  -and  aging  affects  or  betii. 

r  ecent  -'ubl  icat :  c-r.s  :  ;;orie 


i.'h'’-059,  University  of  Illinois,  "Ion  laplantat i -or.  of  lalli'ur. 
Arsenide",  F.  1.  -  I- .  otreetman,  riC00l'*-T6--U- 


The  properties  of  galliun  arsenide  (GaAs)  implanted  with  various  ici 
impurities  will  be  studied.  Many  unknowns  will  be  investigated  .sue; 
as,  the  effects  of  radiation  damage  induced  by  the  ion  bombar.lmer.t , 
processes  by  which  the  dopant  atoms  become  electrically  active  in  t; 
semi  conductor ,  the  effects  of  various  surface  encapsulating  fi.lms  w'r 
preveiit  GaAs  surface  degradation  during  heat  treatment,  the  determ.i; 
:f  the  spatial  location  of  im;purities  before  and  after  annealing  (wi 
special  attention  to  enhanced  diffusion  effects),  the  ccrrelaticn  cd 
resultant  optical  and  electrical  properties  with  implantat icr.  o'ndit 
ani  the  study  of  impurity  and  defect  centers  generated  by  t’r.e  proceL 
herylli'um  and  sulfur  ir.purity  spatial  p-rcfiles  will  be  let  err.i  no- :  1;. 
use  of  mass  analysis,  electron  si  eetrijscepy  (Auger),  and  the  11  sw 
hisciiarge  h'ptical  Llpectroscop-y  technicues.  Vari-ius  electrica^  me-as' 
n.C'r.ts  will  t'C  male  ui  s-'imrles  fabricate:;  inis  ievice  ernfimnu-.'  ;  us  . 
ihotolimrinescence  measureme;;  ■  s  w;  i  '  I'o  use  i  t  ■'  i  nvcstu  ra‘ iefes' 
impurity  centers.  Tliis  task  is  closely  coordinate;  with  oti.or  havy 
ialisra  try  pr<'gra.ms  an-l  irovi'ies,  •>  unique  -som.]  1  em.ei'U.  '  ■  those  ef'  r* 
I  regress  :  hew 
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'I'hi::  work  3e<'kG  ncthoi::;  a;.:  o;’-.'  ■ ;a‘'ii  o.'  or'  v!:.;' 

Eitui  It.t  oub:;ki"i*  oo  -ir.  ;  L'-iXi-ii  E'LOr, 
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3o3-0*?9i  HCA  I’rinceton  Labs.,  "Transverse  Loniain  T:  LI  " ,  i  .  !.  - 
.-i’ .  V.  f.'arayan,  .-.'OCOI  ••-Tr-C— > 

L'::s  vorr.  seeks  to  bevelos;  optinum  'i  I-ITJ  si  ructures  wherein  aijace;.* 
">-'r.'j.ni:elG''  are  excitee  by  a  transverse  spreading  the  diT  :c,r.ai: 
in  this  naniier  iriter  eleinen':  delay  and  parp.sitic  loading  n.ay  be 

'ir.it.ated  such  that  complex  logic  computations  requiring  n.ar.y  ci^  ck 
cycles  by  conventional  approaches  may  be  reduced  to  ciie  or  ♦  vo  ci<  ck. 
eye  i es .  Progress :  Kew 


:^eceI.t  Publications: 


i'rcgress  '-iepert  rl,  k'eti'uary  1971,  L.  'ur-*,:.'e. 


Ei-.Mcnt li^y  1  rC'gi'ess  .'-ieport  M  ,  dt  i .  Apr  >'''t  ,  v.  p.  ;  .... 


hh  3c's-o3iJ,  KdA  Princt:tc!.  Labs.,  " i.:.Lar,-.:e::.(.:.t  'L  ;• 

If.  .  P.  'iarayar. ,  b’O  OOl-o-T* -d-o.'.l 

l':.ic  voork  seeks  to  understand,  O'Xpi.'d*,  f.u\  i  ;e':  t:‘r:'. ' 
‘.ions  o:'  a  new  t.oi'maliy  quasi-o-;’!'  i'id  ; 

T.  ewer  consit'r.pt  i  or;  is  but  259  of  that  require::  u'  a  e  r. 
ten  let  ion  mo-le  TKLL.  Progress  :  Lev 

L.'ecerjt  Publications : 

1.  Letter  I’TOgress  Peport  .^1,  i-'eb.  19"^,  "hn:.at.ce::.er.t 
L.;;gic  Ijeviccc",  by  L.  C.  Upadhyayu]  a ,  P.  P.  :li:,i‘!.. 

L.  1  regress  ;:ep.ort  Parch  19''*^,  "i.ni.ance::.*.-:;' 

Levices",  L..  C.  Upadhyayula ,  :■ .  P.  Gr.it!'.. 
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This  work  seeks  tc  demonstrate  tha*  an  A/i'  cci.v 
to  operate  at  clock  rates  in  excess  af  t  Ohc. 
and  FKTs  on  a  comxion  chip.  A.  suc'cess i ve  appr'  x 
is  taken  and  active  coKponent  covuit  is  ai'^  ut  10 
conventional  architecture.  Initially,  hi  to  a 
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est  Imai  ..■s .  T:;is  approach  is  base;  or.  the  oi'. 


con;. ec:  ion:  . a  circuit  or  scst-  c.  iefine  a  ; 
of  a  spste;;.  caluei  variEible,  i.e.,  a  mapping 
pariumetcuu'  the  ext-ornally  meacu.-c syster. 
Trogresc'  ;k;.  i-een  made  in  a  number  . t'  areas. 
tec;ir!i.C4ues  b:  ■  faiilt  a.nalysis  in  the  aiialop  o. 
tc  inciu.ie  t;.C'  c.igitai  faults,  be  .date  it  or. 
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